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PREFACE 


Medical Books of any category written in this country are 
relatively few. The effect of ibis paucity was strikingly felt 
during the recent war years. This was one of the impelling 
reasons behind the present venture which, it is hoped, will in 
a modest way, help in stimulating the production of Indian 
publications. 

Though there arc many admirable textbooks in bacteriology, 
those treating the subject in aii its aspects hut confined to the 
standard befitting the undergraduate student arc rare. Exhaustive 
volumes, like that of Topley and Wilson, are far too elaborate 
for him. The present volume is also an attempt to remedy 
this want. 

No effort has been spared to treat the subject as clearly 
as possible consistent with brevity. Kepetitioo is inevitable in 
a scientific book. Though every attempt was made to minimise 
it, it has occurred. This is for the most part the result of an 
endeavour to make each section, as far as possible, self-complete. 
In this book the application of bacteriology to the clinical and 
preventive aspects of medicine has been given some prominence, 
so that the medical student may get a proper perspective of the 
intimate relationship of the subject to the medical studies in 
general- Jt also serves to make the subject more interesting 
and less academic. A divorce between curative medicine and 
preventive medicine will spell caiastropbe for the general health 
and well'being of a society. It is hoped that the historical 
notes added in the beginning of most chapters will make the 
reading more interesting. 

Of the many shortcomings and imperfections that this book 
may have, I am fully aware of two — the absence of a general 
bistoric survey of the subject as a background and an inadequate 
pictorial r^rcsentation. The present difficulties in publishing 
a book are in no small measure responsible for the latter and 
one hopes that conditions will soon improve. But no explanation 
nor apology can extenuate a defect. 



In the writing of this volume, necessarily many recent works 
on the subject have been consulted. It is neither possible nor 
necessary to enumerate them all. But my indebtedness to the 
following works is too deep to leave them unmentioned: Bergey’s 
“Manual of Determinative Bacteriology”, Topicy and Wilson’s 
“Principles of Bacteriology and Immunity”, the Medical Research 
Council’s “System of Bacteriology”* and “Immunity Principles 
and Application in Medicine- and Public Health” by Zinsser 
Enders and Fothcrgill. 

For the generous help oflered in reading the manuscript. I 
wish to record my deep indebtedness to Dr. V.. Govindan Nair, till 
recently Venereologist and Dermatologist of the K. G. Hospital, 
Vizagapatam, and to Professor A. Ananthanarayana Iyer of 
the Madras Medical College. My thanks arc specially due to 
Mr. B. Hanumajee, d.sc., who was for sometime attached to 
the Bacteriology Department of this College, for the assistance 
unstintedly rendered in the preparation of this volume-, to 
Dr. K. R. Pandalai for his assistance connected with the proof, 
and to Mr, Appala Das of this College for the few illustrations 
and charts. 1 am also thankful to the members of the staff 
of the Department of Bacteriology for their ready help and 
co-operation, 1 am deeply grateful to tbo Madras Government 
and to Col, S. L. Bhatia, Surgcon43cneral with, the Government 
of Madras, for granting the necessary permission for publishing 
the book. 


Vizagapatam, 
Isi December 1948. 


N. G. Pandalai. 
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CHAPTER I 

GENERAL CHARACTERISTICS OF BACTERIA 

Bacteria are regarded as the simplest forms of plant life; but 
they grow without the aid of chlorophyll. They arc extremely 
minute, unicellular and simple in structure, possessing no definite 
nucleus. Under suitable conditions, bacteria multiply very rapidly 
by transverse fission. 

Natural Habitat Bacteria arc present everysvhere in nature 
where living conditions exist. They may flourish at any tempe- 
rature between 0* and 75® C. They are found in large numbers 
on the body surface of mao, animals and plants. Normally 
they are not found in the hring tissues. The very great majority 
of bacteria live on dead organic matter. Soil, stsvage, water 
and air teem with forms of bacterial life. In most of these situa- 
tions they are found side by side with other microscopic forms 
of life like protozoa and fungi. The total microbial population 
far outnumbers the macroscopic forms of life including plants 
and animals. Among the myriads of bacteria, only a few are 
pathogenic; the rest arc useful directly or indirectly in the 
economy of life. 

Shape. Bacteria exhibit three fundamental forms: spherical 
or coccus, rod shaped or bacillus and spiral. These forms are 
condant and generally breed true to type, and permanent conver. 
sion of one type to another docs not occur. Often the generic 
names of bacteria arc explanatory of the shape, for example 
Staphylococcus in Staphylococcus ourrus or Bacillus in Bacillus 
subiilis. Within these basic forms vanations may occur. Among 
cocci lanceolate and kidney shaped forms arc common. Consider- 
able variations in shape are encountered also among the diflerent 
species of bacilli; but individuals of the same species exhibit 
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little tendency to deviate from their basic pattern. The members 
of some species have parallel sides and rounded ends. Others 
have parallel sides and square ends. Yet others show bulged out 
sides, assuming an oval shape; such types, when short, are often 
referred to as coccobaciili. Some bacilli have a fusiform shape 
With pointed ends. The spiral forms show three subtypes: vibrio 
or cur^’cd rod, which, however, represents only a segment of a 
spiral form, spirillum having a rigid spiral body and more 
than one coil and spirochate with a flexible body consisting of 
several coils. Among the last named group, there may be even 
twisting or uneven twisting and straight or curved ends (see 
Fig. !)• 



Fra. I. Morphology of Bacteria, 1, staphylococci, 2, dipJocoCci; 
3 , tetracoed; 4. streptococci; 5, satcinae; 6-S, different shapes and arrange- 
ments of badlli; 9. vibrio; iO, spuitta; 11-13, spiral organisms; 14, fila- 
mentous and branching organisms. 

Cell Division and Grouping. During multiplication cells 
divide. After division the daughter cells may separate completely 
and appear singly and distributed at random. But a tendeoc 
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to remain stuck together after division is a distinctive feature 
with some species. Among cocci the line of division is in one or 
more planes. Qicci-thaHdivide-trr-one-pIane-flod'H’emain-apart 
singly ars-designa ted micrococc i. Those that divi de in nne.nlane. 
sjld -hrgak_Qfrj n pairs are .caUcdjf m/ococc/ ; organisms that divide 
in one plane and ten d_to_remaiD.Jogether>-fQrmio g_chains. are 
called streptococci. "Hmse^^^that dmde in, two planes at r ight 
angles to one ano ther and_ remain in groups ^o^otir ar e_ called 
leiracocci, and those that divide in three planes and remain 
groBpSr’together in cubes of eight arc called sarctncc. Cocci 
that divide in all directions and cling together irregularly tn the 
form of grape>lilce bunches are called sjaphyiococci (see Fig. 1). 
Not all cells in a microscopic field are found to maintain the 
characteristic groapiag. Many ipdividuais appear singly, being 
broken ofT from the parent group presumably during manipula- 
tion. Bacil li divide only i n onej )lane.and_ thisJfiJbe^transverse 
directi on. Like co<^they may also separate as discrete cells 
or may rcmam in pairs, diphbacHU, or in chains, streptobacUU. 
Spirochaftcs a'so divide only tn one plane; no tendency to regular 
grouping is encountered among them. 

Colony Formation. Under suitable conditions of growth, 
a single bacterial cell planted oh a solid medium multiplies rapidly 
into an aggregate of daughter cells which becomes large enough 
to be seen by the naked eye. Such masses of bacterial cells are 
called colonies. They exhibit certain morphological characters, 
particularly when grown on certain culture media, which arc 
distinctive of the species. For example, the colonial characters 
of the staphylococcus when grown on blood agar arc quite 
different from those of the streptococcus or of the pneumococcus 
gro\\Ti on the same medium. The nature of the colony depends 
largely on the disposition of the daughter cells after division and 
on the morphology of the individual cells. In some instances, 
the colony appearances can be brought out more impressively 
by the incorporation of certain dyes and other substances into 
the media. Tins is illustrated by C. dtphtherale growing on media 
.^containing potassium tellurite. The difTcrentiating peculiarities 
of bacterial colonies constitute a great aid in th e is olation and 
identification of bacteria. But it should be remembered that such 
colony characteristics arc subject to wide variation, depending 
upon the conditions of growth. Bacterial variation (e.g. S-R 
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variation), also profoundly affects the morphology of the colonies 
of the same species. 

Size. Different species vaiy greatly in size; to a less extent 
it is also true of members of the same species. Variation^in^shape 
an^ .size occurrin g .within the.sanie,species are sometimes referred 
to as pleomorphjsm . The dimensions of bacteria are expressed in 
terms of micromillimetre, abbreviated to micron or fi which is eq^ual 
to one-millionth of a metre. Bacteria may have any size ranging 
between O'Sp, by 0-2fi and 60/t by 5/t. XhcLPalhogenic.ones.are 
generall y less tha nJlQ.M Jo Jdze. The pathogenic spirochetes have 
niuch ^arger measurements. The size of the ordinary pyogenic 
coccus varies from 0-8 fi io i -2 ft in diameter. H. influenza, one 
of the smallest of the pathogenic bacilli, measures about 0'5/i 
by 0 2^. Some of the pathogens are extremely minute and 
their size cannot be measured easily. They are called viruses. 

Structure of the Bacterial Cell. Bacterial cells are highly 
refractile. Due to the limitations imposed by the extreme small* 
ness of size, no definite structural differentiation can be made 
out. Certain structures can, however, be readily observed through 
the optical microscope. 

Capsule. Several species of bacteria show a well-defined 
capsule (see Fig. 2). Some investigators maintain that all bacteria 
possess capsule and claim to have demonstrated by suitable 
methods capsules for even (hose generally classified as non- 
capsulated. The cap sule is supposed to be formed from the 
superficial-layer ofjhiTcell. Its presence is not inconsisterft'wth 
motility. The thickness of the capsule varies in different species 
and even within the same species. The capsule may be one or 
two times as thick as the diameter of the cell itself. It is 
developed best under natural conditions. Under artificial culti- ^ 
vation the capsule does not develop well. The presence of 
natural protein s,Ji}ce..jeTum_ot-milk. encourage s fh eTBe V^lopmeot 
ol cap suleT TJnder the microscope the capsule is seen as a 
white, halo fpood the cell It is difficult to stain the 

capsule unless special methods are employed. 

The capsular substance generally consists of carbohydrate;^ 
sometimes ciirogen^^d..,attiino^(adsjnay also be' present. The 
capsule is a protective structure for the organism. No definite 
correlation between virtficnce and capsule _^^miation_has_been 
established. Certain capsulated pathogens, like the pneumococcus 
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and B, anihracis, howeve^^arc^relativcly^vinilent fn the absence 
capsule_but^ighly virulent when, they .are in . the capsulated 
’ ' ’ * * * ■' ; chemical 

ijiu Leii ^ienlu(aue. me ujcteiiai piuiupidsiu is con' 
tained in a membraneous investment. Many observers look upon 
this as a definite cell membrane. Others regard it not as 
a distinct structure but as the thickened and difTerentiated 
peripheral layer of the cell substaoce, similar to the ectoplasm of 
animal cells, functioning as a cell membrane. In spite of careful 
investigations, the question has not been finally solved. But 
recent studies with the electron microscope tend to show that 
it is a distinct morphological entity. In any case the investment 
has not the same cellulose structure as in the higher plants. 
In fact, it has a greater resemblance to the membrane of the 
animal cell than to that of pkints. 

The Cell Contents. The cell substance is, of course, proto- 
plasm. It is homogeneous at least in the young growing stage. 
A definite nucleus is not demonstrable in the bacterial cell. 
There are several views regarding the nuclear structure. Some, of 


OlUCl Cuil LuillCUlt. i_k4t«iui ..ttC 

encountered in many species. They appear as light-refracting in 
the unstained state. They eshibit a greater affinity for dyes than 
the rest of the bacterial substance and are, therefore, more 
intensely stained. There may be one or more of these in the same 
cell, taking up dilTerent positions in the cell contour — polar, 
bipolar, central or any other. In some species they arc well 
marked in the young cultures and they have some diagnostic 
valucasinthe case of the diphtheria bacillus. They are called 
metachromatic zranules or Dabes-Ernst bodies after the names of 
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their discoverers. Sometimes they arc also referred to as Yohit'm 
granules. A high proportion of nucleoprote'm is present in their 
composition. These granules are not degeneration products as 
they are best seen in young actively growing cultures. They are 
in some way concerned with cell metabolism and do not take 
part in cell division or sporulatton. 

MotlUty, All cocci are non*motilc. Probably the only 
exception to this is Jihodococcus agilis. Many of the bacilli and 
spirochjetes arc motile, while the rest are non-motile. The motile 
ones do not display any antero-poslcrior polarity; they can move 
forwards or backwards with equal ease. The motility is of vary- 
ing character and speed. It may be described as rotatory, wavy, 
sinuous, darting, etc. The movement may be sluggish, rapid or 
extremely rapid, but it should be remembered that the speed also 
is several times magnified. An approximate idea of the rate of 
movement of bacteria can be gained from the fact that K cholera 
has been estimated to attain a maximum speed of 18 centimetres 
per hour. Again, the quivering molecular movement, Mhibitcd 
by all very minute organic particles in suspension and known 
as the Brownian movement^ should not be confused with motiUiyj 
the latter is one of movement from place to place executed by 




Fio. 2, pacterial Flagella, C^psaic and Spores. 1-4, arrangerneo^ ® 
llageUa penirichate. lophotnehate, amjAitrichate, monotrichace ; 5, capsu- 
laied COCCI ; 6, capsulated bacilli; 7-9, various positions and shapes of 
bacterial spores. 


virtue of life activity. In the former there is no perraan^at 
change in position of the mo^ne particle. 
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FlagelJa. Wilh the exception of spirocbictes, the cells of the 
motile species are provided with fine hair-likc processes projecting 
out from the body. These appendages, called fiagella, are the 
organs of Jocorootion. Each iJagellum may be several times the 
length of the bacterial body. Their number and position on the 
cell body vary, but they are constant in the same species. There 
may be only one or two or several. When there is only one it is 
placed at one end — monatrichous or monotrichate (see Fig. 2). 
There may be one at each tnd—umphitnchous. At one pole, or 
rarely at both, several may be found in tufts — hphotriehous. In 
some species the flagella are distributed throughout the entire cell 
surface. This disposition is called peritrickaus. Opinions differ 
as to their ongin. Some regard them as simple elongations of 
the cell membrane or the ectoplasm, while others regard them 
as having their origin in certain endoplasmic granules. The 
chemical nature of flagella is not definitely known. That there 
is some difference in this respect between the flagellar substance 
and the body substance is $ho%vn by their antigenic difference. 
They are easily fragile and difficult to stain. For this reason 
special methods have to be employed m (heir staining, ft is 
almost impossible to see them in the unstained state. Flagella 
arc most active in young cultures and are more easily demon- 
strated in this stage. Older cultures oflen shed their flagella and 
lose the power of movement. Under certain conditions, motile 
bacteria may lose the power of producing flagella and become 
non-motilc for a number of generations. Wliether they arc able 
to recover this lost power is not known. Why they behave in^his 
way is also not known. FlagcIIarc ones can be transformed into 
aflagellate variants by eriiridal means also. While thus motile 
bacilli may become non*motile, non-motilc ones arc never known 
to acquire the property of producing flagella. 

Flagella arc not demonstrable in spiroch.Tles. These move 
by means of an clastic axial filament or a modified fibrillar 
membrane. They also possess a degree of flexibility never found 
in the £ubac/er/alcs. 

Beprodoctlon. Simple binary fission is the usual mode of 
reproduction among bacteria. This, of course, is asexual in 
character. Other complex methods of reproduction have been 
reported as occurring among them. Such should be regarded as not 
>ct established. Division is preceded by an increase in the size of 
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the cell, as among higher forms of life, the extent of which is con- 
stant for each species. Just before division a constriction appears 
in the middle and ultimately each ceil divides into two similar 
daughter cells. Among the cylindrical and spiral forms, fission 
occurs at right angles to the long axis, but in coccal forms it occurs 
in any diameter. The process can be readily observed under the 
microscope. The daughter cells may separate almost immediately 
after division or may remain together for varying periods. 

The average life of a bacterium is 20-30 minutes. Hence 
bacteria grow and multiply with enormous rapidity. A single 
cell may in twenty-four hours give birth to more than fifteen 
million descendants. The rate of multiplication, however, is 
profoundly influenced by environmental conditions. 

Involution Forms, Constancy of form is usually a marked 
feature of bacteria during the early stages of growth. But ia 
older cultures aberrant forms soon make their appearance. Such 
forms are probably developed as the result of unfavourable 
environmental conditions. TTiey arc called >nva/ur/cn or degenera- 
tive forms. They may take any shape-thread-like or filamentous, 
club-shaped and coccoid if young cultures are bacillary and 
vice versa; similarly, elongated forms and giant forms arc 
common in old coccal cultures. Such bizarre forms can be 
produced at will by growing bacteria under adverse conditions of 
salt concentration, temperature and others. 

Variations Daring Life Cycle. Rough-smooth variation, forma- 
tion of filterable forms or of the G. type etc. are encountered 
durTng the life cycle of certain bacterial species (Chapter XlV). 

Spore Form.ation. Spore formation is peculiar to certain 
rod-shaped species. Cocci arc not known to sporulatc. Most 
of the anaerobes and some of the aerobes form spores. Only 
a few of the known pathogens arc spore-formers; CL teiani and 
B. anthracis are examples. As spores are formed within the cells, 
they arc also called oidospores. 

Only one spore develops in one cell Spores are very 
refractile, oval or round in shape and bear a definite positional 
relation with the cell body. If the spore is formed at the end 
it is called tcrm'mal, if at the centre of the cell central 'ov equa- 
torial and when it takes a position midway between the centre 
and the end of the cell subterminal (see Fig. 2). In some species 
the diameter of the spore does not exceed that of the parent 
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cell, fls in the anthrax bacillus; in others the npe spore exceeds 
the diameter of the parent cell, causing a distortion of the 
morphology of the cell. A vegetative cell with such a large 
spherical terminal spore will appear like a drum-stick as in 
Cl. tetani. An equatorial large spore bestows a barrel-shaped 
appearance to the mother cell, and a subtcrminal spore a 
racket-shaped appearance. 

Spores arc formed by the condensation of the protoplasm 
and the formation of a tough envelope around it. They arc very 
resistant to nocuous agencies, like heat, desiccation or chemical 
antiseptics. They are difficult to stain and special methods have 
to be employed for it; but they arc easily visible by the indirect 
staining method. Some bacteria produce ihcir spores early in ihcir 
life and some late. Some species, for instance the anthrax 
bacillus, require oxygen for sporulation, while a rigid exclusion of 
this gas is necessary for others to sporulatc. By suitable 
artlHeial means spore-producers can be rendered asporogenous, at 
least for some generations (p. On the spore reaching full 
development, the parent cell disintegrates and disappears. 

Spore formation appears to be a resting stage. It is probably 
a reaction to adverse conditions, having as its object the preser- 
vation of the species. The dormancy enables the spore to 
remain viable for years or even decades. Spore formation is 
not a method of reproduction. Each cell forms only a single 
spore and each spore gives birth to only a single vegetative cell. 
TTius there is no multiplication. 

When favourable conditions arc restored, spores germinate 
into vegetative cells which begin to grow and reproduce in the 
usual manner. By a simple enlargement a spore may directly 
assume a bacillarj' form. The tough spore wall is thinned and 
stretched but not ruptured or shed, hfore commonly the new 
vegetatise cell breaks out of the cell wall, discarding the latter. 
The spore wall may be broken cither at one pole or equatorially 
according to the species, 

Sfainlnq Reactions, hfost bacteria ore readily stained by 
solutions of the aniline djes. Some of them show a capacity 
for differential staining and iWs factor is taken advantage of 
in diagnosis (p. C6). See Chapter IV. 

Oicmical Composition of Racltrla. The general chemical 
composition of bacteria is very much the same as that of other 

F 
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forms of life. Minor differences are encountered in the chemical 
structure of different species, but it should be noted that even 
in the same species the environmental factors, chiefly the compo- 
sition of the substrate on which the organism grows, appreciably 
alter the chemical composition quantitatively as well as quali- 
tatively. 

As in all forms of life, water is the main ingredient, forming 
about 70-80 per cent, of the moist cell. The proportion of 
water in bacteria, however, is slightly less than that in higher 
living things. Proteins form the major portion of the solid 
matter. The rest is made up of carbohydrates and small 
quantities of fats and sometimes inorganic matter. 

The ash, or the inorganic residue left after incineration of the 
cell, constitutes about 2-14 per cent, of the dry weight. But 
this again is subject to variation even in the same species, depend- 
ing upon the inorganic content of the surrounding substrate. 
Phosphoric acid, estimated as PgOg, forms 10-45 per cent, of the 
ash. The phosphorus content of the bacterial cell is very high? 
most of it is present in the cell in the form of nucleic acid. 
Sulphur, potassium, calcium, chlorine, and to a less extent, 
magnesium, iron, silicon and others constitute the rest. 

About 50 per cent, of dry weight is carbon. A part of it 
is present in the cell proteins. The complex polysaccharides, 
mostly residing in (he surface layers of bacteria, are Jinked with 
proteins and are in this state responsible for specificity. Capsule, 
when present, is mostly carbohydrate. Cellulose is not a 
•common constituent of the bacterial cell. Hemicellulose and 
starch-like materials are sometimes seen, the latter as intracellular 
granules. 

The total nitrogen content of bacteria varies widely. There 
is not much accord amoug analysts about the percentage; it 
may be 8-15 per cent, of the dry weight. Part of the nitrogen 
exists in the protein of the cell. We know very little about the 
nature of bacterjal proteins. They occur as simple proteins and 
ns complex proteins in union with nucleic acid, with carbo- 
hydrates and with lipoids. The importance of this linkage in 
specificity has been mentioned above. The presence of albumen 
and globulin has been demonstrated. There is, however, general 
agreement that nucleoprotein forms a high proportion of the 
protein matter. In fact, of all the living tissues, except thymus. 
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bacteria contain the highest proportion of nucleoprotein. Yeast 
and moulds arc also equally rich in this compound. 

Fats, lipoids and waxes may be present in bacteria in varying 
but relatively small quantities. The proportion may soraetunes 
be high, as in the acid-fast bacilli. Estimated as ethcr-extractible 
substances, it may vary from 2 to 40 per cent. We know very 
little about their function in the economy of the bacterial cell. 

Growth Curve. The optimum conditions for bacterial growth 
are present for anything but a short period in a culture medium. 
Bacterial growth itself very soon brings about significant changes 
in the environment. The depletion of food and the formation of 
injurious metabolites, like acids, lytic substances and others, are 
the mam changes. Such changes profoundly influence the rate 
of multiplication which even under the best of conditions is never 
uniform except for brief intervals. When expressed graphically — 
the logarithms of the numbers of bacteria per cubic centimetre 
plotted against time~the growth curve reveals the presence of 
several phases of differing activity (see Fig. 3). The period 
following the transfer of the inoculum to a fresh culture medium 
IS called the la^j2hau. During this period multiplication does 
not occur, or is at a minimum. There may even be an initial 
fall in the bacterial count, owing to the death of some of the 
planted cells. This is probably a period of acclimatisation and 
preparation; towards the end of this period active multiplication 
starts and in a very short period the rate of generation reaches 
its maximum and continues so for a variable time, depending 
upon the type of the organism and the quality of the culture 
medium. This period is called the logarithmic phase’, the rate 
of increase remains constant and, as cell division occurs in 
geometric progression, the number of bacteria increases loga- 
nthmically with the time. At the end of this period the rale of 
multiplication begins to slow down, soon reaching a point at 
which the number of newborn cells equals the number of cells 
dying. The number of viable count, therefore, remains steady. 
Hence this period is known as the stationary phase. It begins 
about six to ten hours after inoculation alicl continues for another 
five to six hours. It is succeeded by the phase^ decline, during 
which the rate of death far outstrips the rate of production. 
There is, therefore, a progressive fall in the number of viable 
bacteria until eventually very few or no viable cells are left in the 
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culture. Tbe increasing death-rate during this phase may be^ 
accounted for by the accumulation of injurious growth products^ 
and by the fall of oxygen tension in the medium in the case of 
aerobes. ^ 

The duration of these different phases is determined by 
numerous factors^ such as the type of the organism, age and the 
number of cells in tbe inoculum, the nature of the culture 
medium and the temperature and other conditions of experiment. 
Obviously, therefore, every organism has its own growth curve. 
Favourable conditions considerably shorten the lag period and ' 
the generation time. Certain changes have been observed in, the 
organism during these different phases. Notably, organisms in 
the logarithmic phase exhibit greater susceptibility to injurious^ 
ugents, like heat, salt solution and disinfectants, than in the 
later satges. Organisms in this phase also exhibit greater 
pathogenicity and virulence; metabolic activity is likewise highest 
at this period. 

Dormaacy of Bacterial Cells. Under certain conditions even 
vegetaUve bacteria are able to remain dormant for long periods. 
They arc then in a state of suspended animation. Cultures or 
tissues containing bacteria, when placed in hermetically sealed 
tubes and preserved in a cool dark place, may remain alive for 
several years. Advantage is taken of this observation in the 
preservation of stock cultures. 


CHAPTER 11 


PHYSIOLOGY OF BACTERIA 

Simple in structure and often regarded as primitive forms 
of life, bacteria, nevertheless, have a more complex physiology 
than what one would cspect. The fundamental features of 
bacterial physiology are, in many respects, similar to those of the 
higher forms of life. In common with all other forms of life, 
bacterial life also manifests itself through protoplasm. By 
exothermic oxidative processes, both cellular constituents and 
materials of the environment arc continuously broken down 
(catabolism), .yielding a constant supply of energy vital for the 
maintenance of life. Simultaneously with it occurs the comple* 
mentary phase of assimilation 'or building up of protoplasm and 
synthesis of compounds (anabolism) from the available substrate; 
activities compnsing anabolism are energy-consuming or endo- 
thermic. These twin components of the chemical aspect of 
metabolism embrace the entire range of chemical events occurring 
in the living cell. It should be clearly understood that these two 
phases are interdependent and concurrently occurring in nature 
and it is impossible to separate one from the other. As the 
metabolic process of the structurally simple bacterial cell consti- 
tutes most of its activities, the study of bacterial physiology is, 
for the most part, a study of the biochemistry of bacteria, 

In keeping with the primitive structure of the bacterial cell, 
its physiology exhibits a much lesser degree of specialisation and 
a greater capacity for adaptation to surroundings than that of the 
higher forms of life. It is this high degree of physiological 
flexibility that enables micro-organisms to thrive- in such widely 
diverse situations as soil, water, air and animal and plant 
surfaces and even bodies, leading to no less diverse phenomena 
like fermentation, putrefaction, soil fertility and infectious 
diseases of man 'and animals. 

Nutritional Requirements of Bacteria. Among the many 
growth requirements of bacteria, a suitable food supply is of 
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paramount importance. The food requirements of bacteria are 
of diverse nature and are studied by growing them in artificially 
prepared or naturally occurring food media called culture media. 
The chemical components that are indispensable for the growth 
of any particular spccjes are designated the essential metabolites 
for that species. They constitute the raw materials required by 
the cell for both energy production and assimilation. The nature 
of such essential food materials is determined either by the 
analytic or synthetic method. The former consists first of the 
discovery of a medium suitable for the growth of a species by 
empirical means, separating the ingredients of the mediurn and 
then determining the growth-promoting property of these compo- 
nents, singly or in combination, with reference to that particular 
species. In the synthetic technique a simple basic medium of 
known composition is prepared and to this are added substances 
of known chemical structure and of likely growth-promoting value, 
testing at every stage the efficiency of the new product for the 
propagation of the species. Thus are synthetic media constructed. 

The concentration of any fodd substance in the medium is 
also of practical importance. Below a certain lower limit 
bacteria are unable to utilise food ingredients. They are unable 
to grow when the concentration is high; in fact, very high 
concentration may actually be toxic. In adjusting the composi- 
tion of culture media all these factors arc kept in mind and 
endeavour is made to make it, as far as possible, approximate 
the natural food environment of bacteria. 

The nutritional requirements of bacteria are extremely 
diverse. This is in consonance with the wide diversity of their 
environmental conditions, ^ood is necessary for energy produc- 
tion and for the supply of materials necessary for the synthesis - 
of cell substance. ^Tts source is the inorganic and organic 
substances occurring in nature. Bacteria in general are unable 
to utilise sunlight as a source of energy. Only the purple and 
green sulphur bacteria, by virtue of the pigment they contain, 
possess photosynthetic properties like the blue-green alg® and 
the higher plants. For the rest, forming the very vast majority 
of bacteria, chemical reactions form the source of energy (chemo- 
synthetic). All the energy they need for life functions is derived 
from the decomposition of food substances available in their 
surroundings. Obviously therefore, in the metabolic scheme of 
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bacteria, such exothermic oxidative reactions take the place of the 
photosynthetic mechanism of the plant metabolism. Bacterial 
substance consists of carbon, oxygen, hydrogen, nitrogen, sulphur, 
phosphorus and inorganic salts. These have to be found in suit- 
able forms for synthesis during growth and bacteria depend upon 
tbe environmental food substances for the manufacture of such 
suitable building units. The decomposition of food materials 
and their assimilation are both dependent on specific enzymic 
systems naturally associated with bacteria. The metabolism of 
carbon and nitrogen requires special consideration; other elements 
that go to make up the cell substance are readily metabolised 
along with them. y‘ 

On the basis of their food requirements, bacteria are placed 
in two mam classes: the autotrophic and the heterotrophic. 
Autotrophic bacteria are the simplest forms of bactenal Ufc. 
They live by utilising carbon dioxide and ammonia as sources of 
carbon and nitrogen respectively. Thus they are pnmltive in 
their food requirements. From the point of view of raw food 
tnaterials which they are able to utilise, these bacteria resemble 
plants. A few species of autotrophic bacteria contain purple and 
jreen pigments, resembling chlorophyll, whereby they are able 
to harness the radiant energy of sunlight for synthetic purposes. 
They arc the purple and green sulphur bacteria (p. 38). But 
-the majority of autotrophs arc devoid of any photosynthctic 
mechanism, thus differing from the green plant. The chemical 
•reactions involved in the building up of cell substance arc 
■endothermic in nature, and the energy necessary for promoting 
these reactions in the case of these autotrophs is derived 
from the oxidation of nitrogen, sulphur, iron, hydrogen and 
carbon, occurring cither free or in the form of inorganic 
-compounds. For example, Nitrosomonas and Nitrobacter oxidise 
"NHs to -NOj and -NOj to -NO, respectively, hberating energy 
during the process. Energy so provided enables the reduction 
of the carbon dioxide to carbon which is then assimilated. 
Nitrogen is assimilated from inorganic sources, chiefly ammonia ; 
it may even be from atmospheric nitrogen. The autotrophic 
bacteria live mostly in the soil. The group comprises only a 
relatively small number of species but includes some very import- 
ant and interesting subgroups such as the nitrifying bacteria, 
-sulphur bacteria and many of the iron bacteria (p. 38). .. 
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The remaining forms of bacterial life, constituting the vast 
majority, are lacking in simple synthetic capacity and are unable 
to derive their carbon and nitrogen in this way. They can live 
and propagate only in the presence of organic compounds of 
carbon and nitrogen. To this class of organisms the term 
heterotrophic bacteria is applied. The heterotrophs are sapro- 
phytic or parasitic and contain all the pathogenic bacteria. 

It should be understood that the line of demarcation between 
the two physiological types, the autotrophs and the heterotrophs, 
is not sharp. On the borderland are certain bacterial species 
which exhibit both autotrophic and heterotrophic qualities 
(facultaliye autotrophs) and can live by utilising cither inorganic 
or organic compounds according to circumstances. They are 
■ probably connecting links between the two groups. 

The members of the heterotrophic group vary widely in their 
demand for organic food substances. These they require either 
for thefir carbon or nitrogen or for both. Some of the hetero- 
trophs, like Baa. call and Baa. acidi Jaedei, can live and multiply 
in a medium containing a simple carbohydrate, like glucose, 
as the carbon source and an inorganic salt, like ammonia, provid- 
ing the necessary nitrogen. They are thus not very exacting in 
their food requirements. Most of the saprophytes can live in this 
manner. Generally, what the heterotrophs do is to break down 
the organic compounds into simpler intermediate products which 
they employ as starting materials for the building up of cell 
substance. For example, pyruvic acid appears to be oue such 
important budding unit formed during the carbohydrate metabol- 
ism of bacteria. The actual process of assimilation itself is still 
a mysterious one. 

In common with the autotrophic bacteria, the majority of 
heterotrophs, including some of the pathogens, are able to 
utilise ammonia nitrogen for synthesis. Direct assimilation of 
amino acids may be a 'method of synthesis in the case of some 
bacteria, but generally these compounds are first disintegrated 
into ammonia and other similar substances. Part of the ammonia 
is then taken up and resynthesised into amino acids which are 
subsequently assimilated. Ammonia, therefore, would seem to be 
an essential metabolite for the vast majority of bacteria. 

Some bacteria, including most of the pathogens, however, 
exhibit more complex food requirements. They are incapable 
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of utilising ammonia as the sole source of nitrogen. They arc 
very fastidious and demand that both carbon and nitrogen should 
be in the form of certain preformed structural units. The organic 
compounds should contain particular amino acids or certain 
constituent groups thereof which are essential for assimilation. 
Thesc^orgamsms ,presumahlyJackJthc.cn2yiDiC-system_iic?essa^O' 
for the^synthesis , of^suclu.esseotial build inR.units.J'rom-.simple, 
m^ateriaU nice ammonia.. Su ch cssc ntiaLtnetabolites, -therefore. 
haviT* to be_included-in-Jhe^ulture- media designed Tot— their- 
cuUiYation. For example, many strains of the typhoid bacillus 
are not equipped with the enzymic system necessary for the 
synthesis of the amino acid tryptophane, although the latter is 
essential for their growth; tryptophane has, therefore, to be 
supplied preformed so as to ensure the growth of the typhoid 



can be trained to live on simple food substances. Such adapta- 
tions can be induced by repeated subcultures on media containing 
falling concentrations of the complex food material and finally 
omitting it altogether. For example, most of the strains of 
Bact. typlwsum are, on first isolation, unable to utibse ammonia 
as the sole source of nitrogen; they require preformed trypto- 
phane for growth. But by growing them on media gradually 
impoverished of tryptophane, they gain the ability to live in the 
absence of tryptophane and utilise ammonia as the sole source 
of nitrogen. 

Accessor)' Growth Factors. Besides the essential food mate- 
rials, certain accessory growth factors have been found necessary 
for the growth of some bacteria. These are unable to grow in 
a medium properly constituted with regard to the essential food 
matenals but bereft of such accessory factors. When the latter 
are added to the medium growth occurs normally. The “V” and 
the “X” substances (Chapter XXVI) necessary for the growth of 
H. influenza are examples of such accessory factors ; another is 
the “sporogenes growth factor” for CL sporosenes. Recently, ribo- 
flavin, nicotinic acid and others have been shown to be necessary 
for the growth of some of the lactic acid bacilli, pimelic acid and 
nicotinic acid for C. diphtheria and nicotinic acid and thiamin 
for Staph, aureus. These accessory factors arc organic in nature. 
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They are required only in minute amounts and their role in the 
cell economy is probably as catalysts. Apparently, the cells are 
devoid of the power of synthesising them. Some of these accessory 
factors have been proved to be identical with the various compo- 
nents of the vitamin B complex (p. 29). This is of interest, 
since it suggests a dose relation between the metabolic processes 
of such widely divergent forms of life as bacteria on the one hand 
and the mammals including man on the other. 

Again, certain food substances, while not necessary for 
growth, have been found to improve considerably the growth of 
many species of bacteria. Such arc glucose, hsemoglobin, scrum 
and others. Presumably, these substances either yield the essential 
metabolites more readily than others or provide the accessory 
food factors necessary for growth. From wbat has been said 
above, it will be quite obvious that the extreme diversity displayed 
by bacteria m regard to food requirements imposes the need for 
devising a large variety of culture media for their growth. 

Many gaps still exist in our knowledge of the nutritional 
needs of bacteria. About many micro-organisms we have only 
incomplete data, while some have defied all our attempts to find 
their nutritional requirements. It has been shown above that 
many of the pathogenic micro-organisms require certain food 
factors for growth, but we know nothing about the growth 
■demands of a few, for example the leprosy bacillus, and in conse- 
quence they have not been cultivated artificially. The higher 
the scale of parasitism, the more fastidious arc the growth 
requirements and the fewer the synthetic capabilities. The growth 
demands of viruses illustrate this very well. 

The Catabolic Activity of Bacteria — Carbohydrate Metabolism. 
The precise way in which bacteria deal with the various food 
stuffs and obtain the energy and material for synthesis, indispens- 
able for life, is only imperfectly understood. The majority of 
bacteria, as alluded to above, are able to break down complex 
molecules of carbohydrates, proteins and fats into simpler 
■substances. The various chemical reactions involved in the 
carbohydrate metabolism are generally exothermic and the energy 
generated is utilised to meet the demands of life. 

The carbohydrates of plant origin form the best available 
source of energy for bacteria. They are found in nature as 
polysaccharides and disaccharidcs. The catabolism of poly, and 
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disaccharides, such as cellulose, starch, inulin, saccharose, lactose 
and maltose, consists of ‘a preparatory hydrolysis and disinte- 
gration into monosaccharides; this is followed by oxidation of 
the latter into various end products. Direct oxidation of poly- 
saccharides seldom occurs and their preliminary transformation 
into the constituent monosaccharides is an essential primary step- 
The same type of organism is not necessarily concerned in these 
different degradation processes. Only a limited number of organ- 
isms arc capable of splitting the polysaccharides The preliminary 
hydrolysis of the complex carbon molecules into simpler ones 
is also associated with the production of energy; but the yield 
from this is very small compared to that from the fermentation 
of monosaccharides. 

The term “fermentation’* is applied to the microbial disinte- 
gration of carbohydrate substances. The fermenting agents may 
be yeasts or bacteria, but the actual substances involved in the 
process are known as ferments or enzymes found in association 
with these microbes. Generally, the term fermentation is under- 
stood to mean the attack of carbohydrates, causing the produc- 
tion of acids, with or without the evolution of gas. The 
disintegration of protein substances, almost exclusively carried 
out by bacteria, is not referred to as fermentation. 

The hexose sugars among the monosaccharides are readily 
utilised by most bacteria that are capable of decomposing carbo- 
hydrates. A wide variety of reactions, many of which are not 
fully understood, are involved in the process. The same bacterial 
species may have the capacity to cause more than one type of 
reaction. This is probably a provision against changing environ- 
mental conditions. During fermentation complete oxidation is 
a rare type of reaction, restricted to a few species ; when it occurs 
the end products are carbon dioxide and water. Another type 
of reaction that may underlie fermentation is what is called the 
intramolecular oxidation. In this type, while one part of the 
complex molecule is oxidised, another part of the saihe molecule 
is reduced, resulting in the splitting of the molecule: molecular 
oxygen is not necessary for this reaction. In all except the first, 
the reactions do not proceed to completion but stop short at 
intermediate stages. The result is that a variety of intermediate 
products are formed. They vary with different bacterial species, 
which is of considerable differential value. There is evidence to 
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show that pyruvic acid is an important intermediate product. 
It is an easily assimilable substance arid probably plays a vital 
role in bacterial nutrition. 

Pentoses arc probably decomposed on similar lines as hexoses. 
Arabinosc, xylose and rhamnosc arc the common pentoses 
employed in fermentation reactions. A limited number of bacterial 
species metabolise the hcxahydric alcohols, mannitol, duldtol and 
sorbitol, some produdne both acid and pas and others only add. 
Other polyhydric alcohols often used in the fermentation reactions 
arc glycerol and adonitoL Probably all alcohols arc split up 
on the same lines as the hexosc sugars. 

As mentioned above, a variety of end products arc formed 
during bacterial fermentation. They include acids, like lactic, 
formic and acetic acids, ethyl alcohol, acetone, butyl alcohol, 
glycerol, aceiylmcthyl carbinol, carbon dioxide, hydrogen and 
others. The nature and amount of such disintegration products 
depend upon the spedes of the fermenting bacterium and on the 
conditions under which fermentation occurs. The selective 
carbohydrate*splitting property of bacteria has long been employed 
as a valuable means of their classification and identification. 
Most of the pathogenic bacteria can break down carbohydrates 
to lactic, formic and acetic adds and a small amount of ethyl 
alcohol, -with or without the production of gas which may be 
carbon dioxide or hydrogen or a mixture of both. The recogni- 
tion of such end products in the culture tubes containing known 
sugars is a routine diagnostic procedure. For example, while 
Bact. coli attacks glucose, producing both acid and gas, Bact. 
jyphosum or Bact. shiga produces from it only acid without gas. 

Protein Metabolism. Our knowledge of the protein metabol- 
ism of bacteria is more meagre than that of the carbohydrate 
metabolism. Particularly is this the case regarding the decompo- 
sition of native proteins. The spontaneous decomposition of 
dead vegetable and animal matter occurring in nature depends 
■on the presence of bacterial life. Exclusion of the latter can be 
easily shown to prevent the rotting of organic matter. It is 
common knowledge that freezing, sterilisation by heat or the 
addition of disinfectants will retard or prevent putrefaction and 
decay. It demonstrates that without bacteria these processes 
cannot occur. Protein clevage occurring in nature consists of 
^ chain of extremely complicated chemical processes. Besides, 
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it is not an isolated phenomenon capable of separation from the 
concomitant activity of diverse bacteria, other than the proteo- 
lytic ones, attacking the end products and altering them beyond 
recognition as the proper end products of proteolysis. 

A difference is sometimes made between aerobic and anaerobic 
protein decomposition spontaneously occurring in nature. The 
term decay is used for the former and putrefaction for the 
latter. A superficial contrast is provided by the association of 
odour in putrefaction and «s absence in decay; in decay, where 
molecular oxygen is freely available, foul smelling end products, 
like hydrogen sulphide, indole, skatole and mercaptans, character- 
istic of putrefaction, are not formed. However, the distinction 
is not basic and the underlying processes of decomposition are the 
same iu both. 

Relatively few bacteria are endowed with proteolytic powers ; 
many of them are anaerobes. In them protein digestion is so 
marked a feature that we commonly speak of organisms as 
saccharolytic or proteolytic according to whether carbohydrate 
or protein degradation forms the predominant feature of their 
biochemical activities. There is no sure evidence that the proteo- 
lytic bacteria can utilise complex proteins for growth in the 
absence of some readily assimilable form of nitrogen. Special 
types of proteolytic enzymes are concerned in protein decompo- 
sition, and in the presence of protein food matenals these 
enzymes are readily developed, initiating the process. The intimate 
nature of the chemical reactions involved in the enzymic hydrolysis 
and disintegration of complex protein molecules is very little 
understood. The dissimilation of the large protein molecules 
into smaller ones, like amino acids, constitutes, in all probability, 
an important preliminary step. These initial reactions probably 
take place extracellularly. It is only amino acids and simpler 
digestion products that are assimilable. Regarding the actual 
process of assimilation our knowledge is practically nothing. 

The capacity to liquefy gelatin is regarded as evidence of 
the proteolytic properties in organisms. This property serves as 
a means of differentiating such species. With some of the 
organisms which liquefy gelatin, for example Staphylococcus aureus 
and Bacterium cloaca, the degradation process is not carried on 
to the stage of amino acid production; they are, therefore, 
unable to utilise the liquefied product either as the source of 
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nitrogen or of energy. Others, like Bacillus subtilis and Proteus 
Yulsaris, have apparently more elaborate enzymic systems; in 
their case, the hydrolytic process docs not stop with mere 
liquefaction but proceeds rapidly to the formation of amino 
acids which they can assimilate or decompose further. 

Most of the bacteria are capable of utilising amino acids. 
For many species these compounds are essential for growth. 
Though direct assimilation of certain amino acids into protoplasm 
is a possibility, further degradation of these compounds into 
simpler materials is the common course. Some of the simpler 
substances so formed, such as ammonia, arc utilised as building 
stones during synthesis. This process of decomposition may also 
produce energy needed for the org.anism. As noted above, how 
exactly assimilation takes place is still a mystery. 

The decomposition of amino acids may occur in a variety of 
ways, such as hydrolytic decomposition, decarboxylation, deami- 
nation and the like. Not that a single amino acid goes through 
all these processes during dissimilation. Also, different species of 
bacteria pursue different methods of decomposition. A variety of 
end products, such as indole, hydrogen sulphide, ammonia, carbon 
dioxide and others, arc formed. Their kind depends upon the 
bacterial species causing decomposition and also, in some degree, 
upon the attendant conditions, like oxygen tension, pH of the 
medium and the like. The nature of the substances formed is also 
of considerable value in the difTcrcmialion of species. For c.xample, 
indole, a break down product of the amino acid tryptophane, is 
produced by Bact. coli but not by Bad, typhosum or Bacu shisoc. 

Bacterial Enzymes. The chemical reactions concerned in 
bacterial metabolism are initiated and controlled by certain 
substances known as enzymes ox ferments which form part of the 
physiological make up of the cell (see above). The enzymes are 
elaborated by the cell from the food. A number of them are 
developed by the same bacterial species to which they are 
specific. Enzymes are essential for the metabolic activities of 
bacteria. The complex food materials found in the surroundings 
have to be broken down into simpler substances before they can 
penetrate into the small bacterial cell. Intracellular dissimilation 
and assimilation also require the interference of enzymes. 

The precise chemical compoation of enzymes has defied all 
attempts at discovery. Some of them arc true secretions and 
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separable from the intact bacterial cell by filtration, while others 
can be separated only by extraction after death. By appropriate 
chemical processes, the former arc in some cases obtainable in 
dry state. Whether each enzyme is a separate chemical entity 
has been questioned on the ^ound of the minuteness of space 
available in a cell for accommodating a multiplicity of enzymes. 
But only minute quantities of enzjrmes arc necessary for action 
at any one time, and probably enzymes in such amounts are 
produced only in the presence of a substrate, so that the question 
of hoarding up more than a few molecules of enzymes at a time 
may not be a problem. 

The intimate mode of action is by no means clear. The 
enzyme probably enters into a temporary chemical union with the 
molecule of the substrate on which it acts. The union causes 
a weakening of certain bonds, the intramolecular forces which 
serve to hold together the several component parts of the 
molecule, leading to disintegration o'nd chemical transformation. 
During the process, the enzyme docs not lose its individuality nor 
is it used up and on completion of the reaction remains undimi* 
nished in quantity, although Us activity may be inhibited by 
any of the new products. Again, the quantity of enzyme 
necessary for action Is disproportionately small compared to the 
quantity of substrate transformed by its action. Further, in some 
cases at least, the action of enzymes is reversible. In all these 
respects a close similarity exists between bacterial enzymes and 
chemical catalysers, such as dilute sulphuric acid, iron and others. 
Bacterial enzymes also behave in the same way as ferments 
produced in the higher animals and plants. The action of the 
ptyalin of saliva or of the diastase of plant origin, for instance, 
closely simulate the starch-splitting action of the amylase of 
bacteria. Although the action of enzymes is spontaneous, it is 
conditioned by several environmental factors. Presence of 
moisture, temperature and pH are some of them. Heat above 
70“ C. usually destroys enzymes. A temperature ranging between 
35® and 45®C. is the optimum. Freezing retards their action 
without causing destruction. A weakly acid or alkabne reaction 
is the most favourable for their action, while strong acids and 
alkalies destroy them. 

The action of enzyme is selective. A particular enzyme can 
act only on a particular substrate. Hence an enzyme can be 
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idcnlified from the ideniity of the substance on which it acts. 
The enzymic systems acting on different groups of substances 
arc different. Thus we have carbohydralc-spliiling, prolcoblic 
and lipolytic enzymes. 

The decomposition of carbohydrates is brought about by 
hydrolysis; the action is specific, induced by a large variety of 
ferments. The conversiorr of polysaccharides into disaccharides 
occurs through the intervention of several enzymes, as many as 
there are types of polysacchrides. For instance, starch, cellulose 
and inulin arc disintegrated into iheir respective constituent 
disaccharidcs by the ferments amylase, ccllulase and inulasc 
respectively. Specific enzymes arc again concerned in the hydro- 
lytic degradation of disaccharidcs into their monosaccharide 
components. Saccharose, maltose and lactose, for example, arc 
transformed into their hexose constituents by invertase, maltase 
and lactase respectively. Any organism that forms invertase, 
for instance, can attack saccharose, splitting it into levulose and 
dextrose; an organism that develops lactase or maltase but not 
invertase cannot do it. Similarly, the various monosaccharide 
sugars arc fermented through the agency of several specific 
en/ymes. The specificity of ferment action constitutes the real 
basis of differences in the sugar reactions of different bacteria. 
When we say that the intestinal organisms arc primarily classified 
into lactosc-fcrmentcrs and non-Iaclose-fcrmentcrs, we really mean 
that the former are able to develop the fennent lactase and Che 
latter are not. 

The nature of the reaction taking place during protein 
decomposition is not clearly understood; it is probably one 
of hydrolysis. The action of the proteolytic ferments (proteases) 
bear a close resemblance to the action of the pancreatic 
ferment trjpsin; a slight alkaline reaction promotes their 
activity. Some of the proteolytic enzymes break down the 
complex compounds, while others act on the simpler products. 
Specificity is a feature of all these reactions. The proteolytic 
ferments arc mostly true secretions and come out of the 
bacterial body. Probably the large protein molecules, too large 
to penetrate into the small bacteria! cell, are subjected to a 
process of preliminary hydrolysis and the resultant products 
of incomplete digestion are then absorbed into the cell where 
they are further dealt with. 
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The available evidence indicates that the fat-splitting enzymes 
also act by hydrolysis. Many bactcnal species, such as f'. cholera. 
Staph, aureus and Ps. pyocyanca, possess lipolytic property. 

Reaction of Media. Another important factor influencing 
bacterial growth ts the H-ion concentration of the medium. Any 
given species of bacterium grows luxuriantly only within a narrow 
range of pH; it is the optimum pH of the species. Extending on 
either side of the optimum is a wider range of pH over which 
growth occurs but less vigorously. Outside the limits of this, 
growth does not occur. Extremes of pH may he inhibiting the 
capacity of the organism to develop the enzymes necessary for 
metabolism or may even be acting toxically to the bacterial 
protoplasm. The optimum for most of the pathogenic bacteria is 
a low alkaline reaction, pH 7 -2-7 *6; the wider range lies between 
pH 5-0 and 5-0. There are certain notable deviations from this. 
For example, K cholera grows best between pH 7 *6 and 8 -0, but 
it may grow between pH 6*4 and 9 •6. The non-pathogenic 
bacteria usually display greater tolerance to acids or alkalies. 
For example, the aciduric bacilli are very tolerant to acids. 

Gas Requirements. The gas teqmrements of bacteria vary 
widely. Bacteria are inditfereiii to the presence of free nitrogen 
or hydrogen Molecular oxygen in varying amounts is necessary 
for the growth of the majority of micro-organisms, while a few 
will grow only if this gas is strictly excluded from the surround- 
ing atmosphere. Organisms that require the presence of molecular 
oxygen are called obligatory aerobes, e.g. B. anthracis. Many 
bacteria are, however, able to grow in the presence or absence 
of oxygen. They are called facultative anaerobes. Most of the 
pathogenic bacteria belong to this group. When subjected to 
anaerobic conditions, the physiology of the facultative anaerobes 
tends to undergo modification. For instance, the pigment produc- 
tion of the chromogens is suppressed with the exclusion of 
molecular oxygen; spore formation docs not occur in the animal 
tissues so long as there is restriction of the oxygen supply. 
Organisms that fail to grow in the presence of free oxygen are 
designated obligatory anaerobes, or simply anaerobes, e.g CL 
tetani. Molecular oxygen not only inhibits their growth but is 
positively toxic to them (p. 31). 'i^ficro-aerophilic organisms are 
those that grow best when the ox^en present is only a trace; 
C. acne is an example of this. 
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Carbon dioxide plays an important role in the growlb and 
ittelabobc activities of certain bacteria. Br. abortus Vitt grow 
only under a partial carbon dioxide tension of 5-10 per cent., 
particularly during primary isolation. In other ways also carbon 
dioxide influences the metabolic activities of bacteria; for 
example, StapJu aureus elaborates its characteristic toxic products 
oniy in the presence of a higher carbon dioxide tension than 
usual. That carbon dioxide is an essential food rnaterial for the 
autotrophic bacteria has been mentioned elsewhere. 

Bacterial KespiratioD. Most bacteria respire in the ordinary 
sense of the term; they take in oxygen and give out carbon 
dioxide as in the case of higher forms of animal life- Some 
bacteria, however, do not require molecular oxygen but are able 
to grow in the absence of this gas, Pasteur was the first to 
discover the phenomenon of anaerobic growth (1861). This was 
a great contribution to biology. At the time it was a revolutionary 
thought; till then life without air had been considered impossible. 
Now it is known that other forms of life than bacteria can grow 
in the absence of air. 

Bacterial respiration has its counterpart in the tissue respiw* 
tion of higher animals. It has a wide common ground with 
bacterial metabolism; that part of bacterial metabolism which 
is concerned with the supply of energy for the living cell consti- 
tutes bacterial respiration. Bacterial respiration, therefore, 
depends on specialised raechauisms essentially designed for oxida- 
tive processes. 

Oxidation docs not always mean addition of o.xygen; 
removal of hydrogen from a molecule, resulting in the liberation 
of energy, is also oxidation. Removal of oxygen from or addition 
of hydrogen to a molecule is reduction. Oxidation and reduction 
are coupled reactions, that is, where there is oxidation there is 
also simultaneous reduction. A more precise definition of 
oxidation is removal of electrons. The addition of oxygen or 
withdrawal of hydrogen has the same basic elTect of removing 
electrons just as the withdrawal of oxygen or addition of hydrogen 
involves an increase of electrons. In other words, oxidation,, 
whether with the direct implication of molecular oxygen or 
through the removal of hydrogen, results in the release of 
electrons from'the oxidised molecule; and the concomitant reduc- 
tion results in the fixation of electrons by the reduced ruolecules. 
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A substance on oxidation loses electrons and on reduction gains 
electrons. In an oxidation-reduction system, therefore, there is 
a constant transfer or movement of electrons. Electrons in motion 
Constitute an electric current. Its intensity can be determined 
by measuring the electric pressure or potential of the system. 
The value so obtained is also the measure of the oxidation- 
reduction intensity or potential of the system. The potential 
can be compared with that of a normal hydrogen electrode. The 
relative value of any system can thus be determined with reference 
to this standard. The oxidation-reduction potential of a system 
is expressed by the symbol Eh. In this way the reducing or 
oxidising capacity of any bacterial culture can be estimated by 
direct electrical measurements. It gives more accurate results 
than the indicator method. 

In the field of biochemistry, the substrate molecule which 
yields oxygen is called the oxygen donator, and which yields 
hydrogen is called the hydrogen donator. The oxygen or hydrogen 
80 yielded seldom escapes as gas but enters some other molecule. 
Such receiving molecules are referred to as oxygen acceptors or 
hydrogen occepiow as thecasemaybe. Thus oxygen or hydrogen 
is transferred from the donator to the acceptor. This is what 
is meant by oxygen transport or hydrogen transport. The 
reactions involved in donating or accepting are under the influence 
of specific enzymes or catalysers; the enzymes are regarded as 
activating oxygen or hydrogen. Certain compounds, e.g. dyes, 
may in their reduced state donate hydrogen or accept it in the 
oxidised state, the reaction being reversible. That is, they act 
as hydrogen carriers. 

Observations on anaerobic oxidations may be made by the 
Thunberg technique. In this a hydrogen carrier dye is used as 
an indicator of the type of reaction occurring at any time in 
a culture. Any dye may be used ; methylene blue is convenient ; 
it is blue in the oxidised state and colourless in the reduced 
state. Washed bacteria suspended in a solution of substrates, 
such as glucose, and methylene blue are placed in Thunberg 
tubes. These tubes are then evacuated and incubated at 45° C. 
Reduction of methylene blue, as indicated by the discharge of its 
colour, is regarded as evidence that hydrogen has been trans- 
ported to the dye from the substrate molecule through the 
ntervention of dehydrogenases present in the bacterial cell. By 
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this technique the enzymic property of any organism can be 
studied. With coli a wide variety of substances are found 
to act as hydrogen donators in the presence of methylene blue. 
Taking as standard the reduction time of methylene blue by any 
given organism under certain experimental conditions, comparitivc 
values for other systems can be obtained. 

The precise way in which oxidation takes place in the 
bacterial cell is only very meagrely understood. Many theories 
have been advanced. It has been postulated that hydrogen 
transport is the essence of cellular oxidations. According to 
this theory one or more hydrogen atoms from a substrate 
molecule, the hydrogen donator, arc activated by specific enzymes, 
known as dehydrogenases, and transported to some other 
substrate molecule which serves as hydrogen acceptor. The former 
molecule is thus oxidised setting free energy, while the latter is 
concurrently reduced in the process. Hydrogen transport is thus 
a mode of anaerobic oxidation and free o.xygen has no place 
in if. It IS, therefore, clear that if the cell can reduce some 
other substance in place of free oxygen oxidation may 
proceed, liberating ener^ and sustaining life in the complex 
absence of air. 

In the above type of reaction two diJTcrcnt kinds of molecules 
are concerned in the reaction, one acting ns hydrogen donator and 
the other hydrogen acceptor. Anaerobic oxidation may also occur 
when there is only one type of substmle molecule, the decom* 
position occurring through oxidation of one part of the molecule 
simultaneously with reduction of another part. This type of 
anaerobic oxidation is referred to as intramolecular oxidation. 
Again, m the presence of only one type of substrate one molecule 
may be oxidised ivhile another reduced. This type of reaction is 
called dismtitation; it oHen occurs in the bacteria! decomposition 
of carbohydrates. 

As mentioned above, the hydrogen transport that occurs 
during respiration is conditioned by enzymic activities. These 
respiratory enzymes activarc the hydrogen of the hydrogen 
donator, i.e. the oxidis.ible substrate, and enable its transfer to 
the hydrogen acceptor, /.e, the reducible substance which may be 
the oxygen of the air (aerobic oxidation) or some mctabohle 
associated tvjth the cell (anaerobic oxidation). These enzymes, 
consisting of a protein moiety linked with a functional prosthetic 
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group which is reversibly oxidised and reduced, arc capable of 
functioning as hydrogen carriers. Hydrogen is received tempo- 
rarily by the enzyme and passed on to the acceptors in an 
orderly manner, maintaining the continuity of the reaction. It 
is interesting to note that the prosthetic groups, or portions 
thereof, appear to be members of vitamin B complex. The 
dehydrogenases, the co-enzymes, the flavoprotem enzymes, the 
iron porphyrin enzymic system and the peroxidases all come 
under the category of respiratory enzymes. 

Bacterial enzymes are not rcstncied in their scope to the 
activation of hydrogen and its transport. They may also induce 
other substances to act as hydrogen acceptors or oxygen donators. 
For example, Bact. coh has been found capable of activating 
nitrates under certain conditions, compelling them to part with 
oxygen. In the absence of air this organism is unable to grow 
in a medium containing only a simple carbon compound, such as 
lactic, formic or succinic acid, but if nitrate is added to the 
medium anaerobic growth will occur, the nitrate being reduced 
to nitrite. Nitrates in these circumstances act as oxygen donators 
or hydrogen acceptors. This activation is made possible by 
a specific enzyme possessed by Bact. coh in common with many 
other facultative anaerobes. 

Hydrogen transport as a respiratory mechanism is probably 
well developed in the facultative anaerobes which form the vast 
majority of bacteria. These can also grow m the presence of 
air. Obviously therefore, the facultative anaerobes are provided 
with an alternative mechanism to function when they grow 
aerobically. This mechanism is the cytochrome-cytochrome oxidase 
system (vide tnfra). Even under aerobic conditions, the later stage 
of growth in a broth culture occurs under essentially anaerobic 
conditions as the dissolved oxygen is soon depleted in the earlier 
stage. But for this duplicate provision, growth would stop after 
the initial stage. Evidently such a dual system, therefore, imparts 
greater flexibility to the physiology of this group of organisms, 
enabling them to grow under conditions of changing environment. 

It is not at present quite clear how exactly aerobic bacteria 
obtain their energy. The presence of molecular oxygen is an 
essential condition and direct oxidation of some cellular or 
extracellular factor forms pact of the respiratory mechanism. 
.But the exact nature of tUs mechanism, which involves the 
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utilisation of free oxygen, is not definitely understood. The 
theory has been advanced that hydrogen transport is the 
chief respiratory mechanism also in the case of aerobes. It 
would appear that during aerobic oxidation the hydrogen transport 
is accomplished through the intermediary of a respiratory pig- 
ment, cytochrome^ which is a natural oxygen carrier present in all 
aerobes and facultative anaerobes. 

Cytochrome is a complex system consisting of a number of 
related haematin compounds. When fully developed, it is 
composed mainly of four components: cytochromes a,b,a.ndc 
and cytochrome oxidase or oxygenase. They arc haemoproteins 
related to hemoglobin. Tliey arc capable of existing in the 
reduced as well as oxidised states. Cytochrome b is auto-oxidis- 
able but not a and e. The latter two, however, arc readily 
oxidised by cytochrome oxidase which In its reduced form is 
readily auto-oxidisable by atmospheric oxygen. The full complc* 
nicnt of cytochrome components is present in some bacterial 
species, e.g. B. subtiUs: only some of them are present in others, 
e.g, Bacu coU: and none in the obligate anaerobes. 

The cytochrome system serves as hydrogen carrier in the 
same wa/ as described in the case of dyes and natural catalyscrs. 

It receives hydrogen from intracellular substrate donators, which 
have been specifically activated by the bacterial dehydrogenases, 
and delivers it to the hydrogen acceptor which is the molecular 
oxygen of the air. In so doing the cytochrome itself undergoes 
alternate reduction and oxidation. The oxygen of air, according 
to this theory, functions only to maintain the oxidised state of 
the cytochrome carrier and not to directly oxidise the substrate. 
The oxidation of cytochrome is brought about through the agency 
of specific oxidases. Thus cytochrome acts as an intermediary i 
between dehydrogenases, activating the hydrogen of the substrate * 
on the one hand, and oxidases, activating molecular oxygen on j 
the other. Certain cytochrome derivatives may also act as direct 
catalysts, promoting oxidation of substrates without the inter- 
vention of specific dehydrogenases. 

VVe have as yet but scanty information regarding the respi- 
ratory mechanisms of the anaerobic bacteria. Available evidence 
indicates that in their case also the mechanism of oxidation is 
hydrogen transport. These organisms lack the respiratory 
pigment, cytochrome. Whether any other type of carrier is present 
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or not is unknown. Certain peculiarities regarding their respi- 
ratory metabolism have, however, been brought to light. Paired 
amino acids are essential for their growth; not only the hydrogen 
donator but also the hydrogen acceptor should be an amino 
acid. These oxidation-reduction reactions are under the control 
of specific enzymes. It is also imperative that the oxidation- 
reduction potential (Eh) of the system should never rise above 
a certain low limit. Why a higher reducing potential or intensity 
of the medium should produce the above adverse effect on their 
growth is not clear (vide infra). By suitable mechanisms, about 
which we have very little knowledge at present, the Eh is always 
maintained sufficiently low. Suipbhydryl compounds, such as 
glutathione and cysteine, are able to keep down the Eh in 
culture media in the presence of traces of copper. 

The reason why atmospheric oxygen is toxic to anaerobic 
bacteria is obscure. One of the explanations given is that in 
the presence of air these organisms develop hydrogen peroxide 
during growth which is toxic to ihc cell. Many other bacteria 
also form hydrogen peroxide during growth; but, whereas they 
also develop a catalase, peroxidase, which would rapidly destroy 
the peroxide as it forms preventing accumulation to toxic concen- 
trations, the obligate anaerobes, which arc peroxide sensitive, 
lack the capacity for developing the protective catalase, thus 
exposing the cell to the toxic action of hydrogen peroxide. 
This still remains a theory and no substantial evidence in support 
of it has been so far* brought forward. 

Temperature. Each species has a definite range of tempe- 
rature over which growth is not interfered with. The limits of 
this range are called the minimum and the maximum temperatures 
for that species. This range varies with different species, and for 
most pathogens it lies between J5“ and 45” C. Between the mini- 
mum and the maximum there is a narrower range, the optimum 
temperature, within which the species thrives well. The optimum 
temperature for any species is that of its natural habitat: in the 
case of human pathogens it is round about 37” C. Below the 
minimum temperature bacteria arc not necessarily killed, though 
their activity may be curtailed; but when exposed to a higher 
temperature than the maximum, death ensues more or less quickly. 

Bacteria ate ramatkably resistant to low temperatures. The 
optimum temperature of the parasitic bacteria of cold-blooded 
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animals is necessarily low. Even s^omc of the human pathogens 
can resist extremely low temperatures for short periods; for 
example, about 10 per cent, of the typhoid bacilli in a culture 
have been found to live after thirty minutes’ exposure to —175’ C. 
Spores are scarcely afTccted by such low temperatures (p. 139). 

Temperatures slightly above the maximum may not kill an 
organism jf exposed to only for short periods; they may, 
however^ interfere with the normal functions, such as spore 
formation, virulence and the like. But if exposed to such 
temperatures for long or exposed to still higher temperatures 
for any length of time bacteria are rapidly destroyed. Non* 
sporing pathogens ordinarily perish rapidly above 45’ C. Spores 
withstand high temperatures for a much longer time than the 
vcgetuti\e forms. Some species of saprophytic bacteria grow 
best between 50’ and 55’ C. iviib a maximum limit of 70’ or 
even 75’ C. for viability. They arc called thennophiUc bacteria; 
their usual habitat is the soil. 

Heat kills bacteria by coagulating the proteins. This is not 
a sudden process but takes some time for completion at any 
particular temperature above the maximum for growth. That 
is, the killing is also a function of time. For instance, the tubercle 
bacillus is 'killed in thirty minutes at 58’ C., twenty minutes at 
59’ C., and in two minutes at 65’ C. In a culture a few organ- 
isms are always more resistant than the rest and they survive to 
the last. The lowest temperature, above the maximum for growth, 
at which a particular organism is killed in a certain definite time 
IS called the thermal death point of that organism. Each species 
has its own thermal death point which is also influenced by oth^ 
factors as pH, number of organisms and age of the culture. That 
the thermal death point of the pneumococcus is 52’ C. means 
that a culture of this organism will be completely sterilised at 
53’ C. in a given time—10 minutes; but if exposed for less than 
10 minutes varying number of them will survive, depending upon 
the time of exposure. 

Micro-organisms withstand dry heat longer than moist beat. 
Vegetative forms are de.stroyed in a few minutes by moist heat 
at lOO* C., whereas to produce the same effect a temperature of 
120’-130’ C. dry heat maintained for one and half hours is 
necessary. Spores arc extraordinarily resistant to any form of 
heat. In this respect spores of different species vary widely* 
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for example, tetanus spores resist boiling for 15-90 minutes, 
whereas anthrax spores arc killed in 10 mtnutes (see Chapter 
VH). 

Moisture, More than four-fifths by weight of the bacterial 
body consist of water. Hence moisture is essential for growth; 
deprivation of it is harmful to life. Some organisms are said 
to withstand drying for long periods, e.g. the tubercle bacillus. 
But it may be that the amount of moisture required by the 
micro-organisms for the maintenance of life is extremely small. 
Spores are far more resistant to desiccation than the vegeta- 
tive forms; anthrax spores remain viable for years under such 
conditions. The rapid withdrawal of moisture at low tempe- 
ratures, however, is not injurious. Cultures keep alive for 
several years if they arc rapidly dried and preserved in vacuo 
and at low temperatures and in the dark (p. 137). 

Light. Direct sunlight is injurious to the growth of Bacteria. 
Most' bacteria are destroyed if sufficiently exposed to light. The 
destructive agency is the ultraviolet content of the rays. Growth 
occurs best in the dark. 

Chemicals. Many chemical substances are protoplasmic 
poisons. The presence of any in the culture medium either 
inhibits growth or destroys the organism, depending upon the 
concentration of the chemical substance. More detailed reference 
to this subject is made in the chapter on the destruction of 
bacteria. 

Mutual Influences. The study of the mutual reaction between 
microbes and their environment constitutes ecology. Every form 
of life, from the lowest to the highest, is subject to influences 
from its surroundings Such influences emanate either from other 
similar or dissimilar forms of life, inanimate objects or from 
physical forces. Bacteria are particularly sensitive to such 
environmental forces, reacting readily and profoundly to their 
impact. In nature, micro-organisms live together in mixed 
cultures and a pure culture is an exception. In this association 
they are not always passive with respect to each other but arc 
often subject to favourable or adverse influences from neighbours. 

■When different species of bacteria exist together, some may 
exert a favourable effect on the growth of others, i.e. symbiosh 
or some may be antagonistic to the growth of others, i e 
aniibhsis or antagonism (p. l9l). The beneficial effect of one 
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species may be due to the production of favourable conditions 
for the growth of another. For example, the staphylococcus 
synthesises the “V” substance necessary for the growth of the 
influenza bacillus and the latter, therefore, grows luxuriantly in 
the vicinity of staphylococcal colonies ; the aerobic organisms in 
an open wound use up the oxygen in the immediate surroundings 
and create the gas phase compatible with the growth of 
anaerobes. The antagonistic effect may be due either to the 
depletion of the surroundings of all suitable pabulum or to the 
formation of injurious substances, like acids, alkalies, hydrogen 
peroxide or toxins, by the inhibiting species. Examples are acid 
inhibition of the proteolytic flora by the lactic acid bacillus in the 
large intestine, inhibition of growth of diphtheria and other 
organisms by the pyocyaneus bacillus and the action of Peni- 
cilUum notatum on the growth of the Gram-positive and some 
Gram-negative bacteria. 

The Products of Bacterial Growth. In addition to the ass'imi* 
lation of protoplasm, bacteria synthesise certain other constituents 
from the food substances available in their neighbourhood. Most 
of these have been discussed previously. Such are the capsular 
polysaccharide material which confers immunological specificity 
upon the bacterial species, raetachromalic or volutin granules 
which are of some practical importance in diagnosis and the 
various enzymes which are essential for the physiological activi- 
ties of bacteria. About the formation of hydrogen peroxide by 
most bacteria mention has been made above. The synthesis of 
substances like bxraolysin has been dealt with under toxins. 
Two other chemical products remain to be discussed, v/r. 
bacterial pigments and bacterial toxins; the latter, from the 
point of view of medical bacteriology, are the most important of 
all the products elaborated by bacteria. 

Chromogenesis. Not all bacteria are pigment producers. 
Many species, however, develop during growth characteristic 
pigments, e.g. Ps. pyocyanea^ Staph, aureus, Chr, prodigiosum 
and others. Such organisms are known as chromogenic bacteria. 
A single species may elaborate more than one pigment; for 
instance, Ps. pyocyanea synthesises pyocyanin and fiuorescin. 
The pi^ents are stored round the baeferial cell in the form 
of granules or they diffuse out of the cell, colouring the surround- 
ing medium. From red to violet almost every colour is seen. 
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The chemical composition of pigment is in many cases not 
known. The structure of pyocyanm has been worked out; it is 
a phenarme derivative. Many of the bacterial pigments are 
soluble in the fat solvents, alcohol, acetone, ether and chloroform, 
but insoluble in water (lipochromes). Only a few, like lluorescin, 
are soluble in water; they are not soluble m ether, alcohol or 
chloroform and are probably related to anthocyanms. What 
function these pigments discharge in the physiology of the cell 
is not clear. They have no part in the pathogenesis. Cytochrome 
pigments, a lot by themselves, appear to be related to bacterial 
respiration. Their presence docs not impart any tint to the 
bacterial colonics. Pyocyanin has been shown to increase the 
respiratory activity of the cell. The pigments of the sulphur 
bacteria have photosynthetic capacity and are connected with 
bacterial nutrition. 

The value of pigments to the laboratory worker lies in the 
help that they give in the identification of v species; they have 
also some classificatory value. But it should be remembered 
that pigment production is an unstable character, dependent upon 
various circumstances, such as the nature of the medium, oxygen 
tension, temperature and continued cultivation. Pigment produc- 
tion is particularly favoured by carbohydrates like the potato or 
starch medium. Oxygen is necessary for the formation of 
pigments. The colour production of Ps. pyocyansa is suppressed 
when grown anaerobically. Ordinary temperature (20®-28'’ C.) 
appears to favour a richer colour production than higher tempe- 
ratures. For example, Chr. prodigtosum, which develops a brilliant 
red colour at ordinary temperature, fails to develop it when grown 
at 37® C, With few exceptions, pigment production occurs best 
in the dark. Certain mineral salts arc necessary for the elabo- 
ration of some pigments, for example, phosphate and sulphate 
for fluorescin. 

Bacterial Toxins. These are products of bacterial activity 
and constitute the actual agents in the pathogenic processes 
involved in bacterial infection. They arc divided into two 
classes — the exotoxins and the endotoxins^ The exotoxins are those 
which readily diffuse out of the bacterial cell into the culture 
medium. Hence they are also termed extracellular toxins or 
Soluble toxins. After removal of the organism from the cultures 
in which they grow, the filtrates are toxic. Therefore, they are 
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also sometimes spoken of as filterable toxins. The exotoxins 
have not been isolated in a pure state and their chemical 
composition is not known. Probably they are protein in nature. 
They are some of the most potent poisons known. Some of the 
pathogenic organisms produce powerful extracel/uiar toxins, e.f* 
C. diphtheria^ Cl. tetanic Cl. botulinum. Staph, aureus and Str. 
pyogenes. Most of the pathogenic bacteria, like V. cholera, 
Bact, tvphosum and H. gonorrhoea, do not develop any toxins 
separable from the bacterial body. Consequently their cultures 
after removal of the bacterial cells are non-toxic. In their case 
the dead and the disintegrated bodies constitute the toxic material. 
Hence endotoxins or intracellular toxins. Whether these bacteria 
synthesise any separate toxic material which remains intimately 
mixed up with their protoplasm is doubtful. For detailed dis- 
cussion refer Chapter IX. 

Besides the exotoxins and the endotoxins, there are several 
other bacterial products with special effects, which are also 
concerned m infection and its subsequent course. In this category 
may be included certain substances resemblmg exotoxins like 
htemolysin and leucocidin, bacteria! enzymes like fibrinolysin and 
coagulase, bacterial substances like the “spreading factor” which 
are probably the labile antigens, haptens or partial antigens 
including aggressms, and bacterial allergens. 

Heat and Light.^ Large amounts of energy are generated by 
bacteria during growth. Only a portion of it is consumed 
during the performance of life functions. The rest is liberated 
as heat. The production of the latter is well illustrated by the 
relatively high temperature developed during active bacterial 
decomposition occurring, for example, m manure heaps and 
damp hay. Production of light is also associated with many 
species of bacteria, for example the photogenic bacteria com- 
monly found in sea water. 

Bacteria capable of emitting light are widely distributed in 
nature, but more commonly in sea water. They are often found 
on decomposing fish and meat. A large number of sgeicies 


have been described. All the phosphorescent bacteria are 
aerobic. Although phosphorescence is a natural property of 
their living protoplasm and is not the result of oxidation of 


any photogenic substance emitted by them, yet the phenomenon 
occurs only in the presence of oxygen. The photogenic organisms 



PHYSIOLOGY OF BACTERIA 37 

can live without emitting light; with death they lose this 
property. The significance of this property to the micro-organism 
is unknown. 

Nitrogen Fixation. The ability to use nitrogen of the air 
for assimilation is an attribute of certain species of bacteria 
widely distributed in nature, but particularly in the soil. Soil 
is constantly losing its nitrogen supply through utilisation of it 
by countless plants. This would lead to complete depletion were 
it not for the replenishing processes continually taking place in 
nature. These processes arc mainly dependent on bacteria for 
their fulfilment. 

The keeping up of the nitrogen supply of the soil is effected 
in two ways: one by the return of the nitrogen consumed by 
the plants and the other by the fixation of atmospheric nitrogen. 
Plants obtain their nitrogen by absorption of simple salts (NOj) 
from the soil. These are synthesised as plant substance. Plants 
form the food of animals and thus part of the nitrogen consumed 
from the soil by plants reach animals. Bacterial decomposition 
of dead animal and plant bodies and animal excretions and 
secretions, therefore, evemually lead to the return of the nltrogea 
consumed by plants to the soil. 

Enrichment of soil with aimosphctic nitrogen had been 
known for a long time. But its biological basis was brought to 
light only comparatively recently Nowjiis known that a limited 
number of bacterial species are able to fix the free nitrogen from 
air and make it available as food for plants. Two types of 
bacteria are involved in the process: certain free-living bacteria 
and bacteria living symbiotically with leguminous plants. The 
former comprise the important nitrogen-fixing organism Cl. 
pasiorimum. which U a spore-bearing obligatory anaerobe, and 
the aerobic Azotobacter group. These organisms have a universal 
distribution in soil. U is not known how exactly they fix 
molecular nitrogen. Nor do wc know in what usable form the 
plant gets it. What all intermediate products are formed in the 
course of assimilation also remains equally obscure. 

The root nodules of leguminous plants are colonies of bacteria 
of the Rliizobium group growing in large toot cells. These 
organisms also occur free in the soil, but only when they ate in 
intimate association with the host plants do they fix nitrogen 
and not otherwise. Root nodules also occur in plants other 
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than the LeguminascE, but no nitrogen-fixing role has been proved 
in such cases. The occurrence of /caf nodules containing nitrogen- 
fixing bacteria has aLo been reported. 

The Nitrifying Bacteria. The nitrifying bacteria constitute 
an important group of autotrophs present in the soil and 
concerned vitally with soil fertility. They derive their energy by 
oxidising ammonia to nitrates. The transformation occurs in two 
stages and is brought about by two entirely diflerent types of 
nitrifying bacteria. Nitrosomotins and Nitrosococcus convert 
ammonia to nitrates and the next stage of oxidation of nitriles 
to nitrates is continued by Nitroboctor. These processes are 
very important in that it is in the form of nitrates that plants 
obtain their nitrogen from the soil. The reverse process of 
reducing nitrates to ammonia and even to free nitrogen also 
occurs in the soil. Organisms which bring about this change are 
called denitrifying bacteria. The Chromobacteria, many spore- 
forming aerobic bacteria and the colon-typhoid group all display 
(his property. 

The Sulphur Bacteria. The sulphur bacteria or ihiobacteria 
consist of two groups: the coloured and the colourless. The 
former comprises the purple and green micro-organisms. They 
contain two pigments, red and green, which make possible a 
photosynthetic mechanism analogous to that of the green plant. 
The colourless ones are some of them long and filamentous, show- 
ing dose relationship with lower fungi. The sulphur bacteria 
derive their ener©' from the oxidation of sulphur and its 
compounds. They are widely distnbuted in nature and are found 
in the water of sulphur springs. 
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THE MICROSCOPE 

In the study of micro-organisms, wc are dealing with forms 
of life far beyond the perception of the unaided eye. Small wonder 
then that the advance of bacteriology, an observational science, 
had ’to keep pace with the development of the microscope. 
Various magnifying instruments arc of supreme interest and 
importance to the bacteriologist. As lenses constitute the vital 
part of optical instruments, their discovery obviously was an 
essential prerequisite in the development and perfection of the 
microscope. The invention of lens was one of the greatest events 
in the history of science. Its first use was, in all probability, la 
the making of spectacles, a simple binocular magnifying device. 
When the latter was first discovered, history does not tell. Who 
devised it first, whether it took shape from the ingenuity of 
a craftsman taught by experience and driven by necessity or from 
the searching curiosity of some ancient and unknown philosopher 
are alike Wdden in the mist of unrecorded antiquity. What is 
known with certainty is that reading glasses were in use in 
.Europe as early as 1280 A.C. 

Antony Van Leeuwenhoek, a Duch maker of lenses, was the 
first to make any real attempt at microscopical observation and 
study of micro-organisms (1676). He began this with the md of 
a simple magnifying lens mounted on crude support. His 
untiring work opened the way to a vast world till then unknown. 
His careful examination of various materials, like saliva, infusions, 
water and others, resulted in the discovery of bacteria and 
protozoa and so he is rightly hailed as the father of micro- 
biology. Undoubtedly he was the forerunner of men like 
Pasteur and Koch. It may also be mentioned here that it was 
he who first discovered the red corpuscles. 

The invention of the compound microscope antedated 
Leeuwenhoek’s discovery of microbes by nearly a century. In 
1590, Hans Jansen and lus son Zaccharias of Middleburg in 
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Holland made the first compound microscope. For a long time 
thereafter, this discovery w'as not utilised for the study of 
microscopic forms of life nor was it rapidly improved upon by 
further work. It is the last hundred years that have brought 
the compound microscope to such a high pilch of excellence as 
we have it today. Remarkable impfovcmcnls have been made 
within recent years. Fineness and precision inconceivable to the 
ordinary mind have been obtained. Convenience and comfort 
in work have been greatly enhanced. A high degree of magnifi- 
cation consistent with resolution and dearness has been made 
possible. The introduction of immersion lenses, the substage 
condenser and the apochromatic lenses arc some of the notable 
landmarks. Many modifications of the compound microscope 
have been designed in order to meet special needs. They arc the 
sterioscopic microscope, the polarizing microscope and the 
metallurgical microscope. The optical principles involved in the 
construction of these variants, however, remain the same. 

Compound Microscope, The compound microscope consists 
of the ntasni/ying (image forming), the illuminating and the 
mechanical components, all suitably supported on a stable stand. 
The object glass and the eyepiece mounted on the tube constitute 
the magnifying part, while the condenser and the mirror together 
form the illuminating part. The eyepiece, the object glass and 
the condenser together arc known as the optical parts of a 
microscope. 

The stand is made of solid Iron so that it may support the 
load it has to carry and at the same time impart balance and 
stability to the instrument. It is so designed as to support 
the various optical parts with perfect alignment. The stand 
consists of a vertical pillar supported on an elliptical or horse- 
shoe shaped base or fool. Hinged at the upper end of the pillaf 
is the limb or arm of the microscope, which carries the illumin- 
ating apparatus, the stage and the observation tube. It is made 
of a single curved piece of iron well fitted to serve also as 
a handle. 

’fhe hmb may be inclined about the hinge at any angle, 
but this necessity is obviated in the modern stands by the 
provision of inclined tubes. Though it is more expensive, the 
inclined tube is decidedly more advantageous as it keeps the 
stage horizontal while at the same time gives greater comfort 
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during work. If the stage is inclined, ns it happens when the 
body is inclined at the hinge in the common microscope with 
the straight body, the oil will slop over the slide on the stage 
when using oil immersion lens; it is also disadvantageous when 
dealing with fluid preparations. In the inclined tube the path of 
the light rays is deflected by the interposition of a prism at 
the incline. 

Included under the mechanical parts arc the body tube with 
its coarse and fine adjustments, the inclination j'oint, the 
mechanical stage, the focusing adjustment of the condenser and 
the horse-shoe base. The body tube is a wide tube attached to 
the upper end of the limb; telescoped into the upper end of it 
is a narrower graduated tube designated the draw tube. The body 
tube is worked up and down by two separate arrangements, one 
the coarse adjustmentt by means of the rack-and-pinion mechanism, 
for coarse movements and the other, the fine adjustment, worked 
Cither by means of gear arrangements or by the micrometer 
screw device, for delicate focusing movements, The position of 
the slow motion varies with difTerent makes of the microscope. 

In the older ones it was located at the top of the limb and worked 
vertically up and down, but later models have it located at the , 
upper end of the limb parallel with the coarse adjustment. Some 
of the more modern ones have the fine adjustment near the lower 
end of the limb either coaxial with the hinge pin or above the 
foot. The graduated ^ drum on the focusing bead of the fine 
adjustment registers the value of the fine movement of the observa- 
tion tube, !lt is graduated in 100 divisions, each of which 
represents a movement up or down of the tube of O-OOI milli- 
metre. One complete revolution of the milled head, therefore, 
raises or lowers the tube by 0 *1 millimetre. The range of excur- 
sion of the fine adjustment is very narrow, two to four millimetres. 

It is limited by means of a stop and in many makes the outside 
limits are shown by two marks on the handle. There is a single 
mark on the tube mount which shows the position of the tube 
in relation to the two marks on the handle. Both the motion 
heads are provided with safety ratchets to prevent any forcible 
turning beyond the stops. 

Attached at the lower end of the limb is a platform called 
the stage which serves to support the specimen under observa- 
tion. The stage is either rectangular or circular in shape with 

F 




THE MICROSCOPE 


41 


during work. If the stage is inclined, as it happens when the 
body is inclined at the hinge in the common microscope with 
the straight body, the oil will slop over the slide on the stage 
when using oil immersion lens; it is also disadvantageous when 
dealing with fluid preparations. In the inclined tube the path of 
the light rays is deflected by the interposition of a pnsm at 
the incline. 

Included under the mechanical parts are the body tube with 
its coarse and fine adjustments, the inclination joint, the 
mechanical stage, the focusing adjustment of the condenser and 
the horse-shoe base. The body tube is a wide tube attached to 
the upper end of the limb; telescoped into the upper end of it 
is a narrower graduated tube designated the draw tube. The body 
tube is worked up and down by two separate arrangements, one 
the coarse adjustment, by means of the rack-and-pinton mechanism, 
for coarse movements and the other, the fine adjustment, worked 
either by means of gear arrangements or by the micrometer 
screw device, for delicate focusing movements. The position of 
the slow motion varies with diflerent makes of the microscope. 
In the older ones it was located at the top of the limb and worked 
vertically up and down, but later models have it located at the 
upper end of the limb parallel with the coarse adjustment. Some 
of the more modern ones have the fine adjustment near the lower 
end of the limb either coaxial with the hinge pin or above the 
foot. The graduated ^drum on the focusing head of the fine 
adjustment registers the value of the fine movement of the observa- 
tion tube. It is graduated in 100 divisions, each of which 
represents a movement up or down of the tube of 0*001 milli- 
metre. One complete revolution of the milled head, therefore, 
raises or lowers the tube by 0*1 millimetre. The range of excur- 
sion of the fine adjustment is very narrow, two to four millimetres. 
It is limited by means of a stop and in many makes the outside 
limits are shown by two marks on the handle. There is a single 
mark on the tube mount which shows the position of the tube 
in relation to the two marks on the handle. Both the motion 
heads are provided with safety ratchets to prevent any forcible 
turning beyond the stops. 

Attached at the lower end of the limb is a platform called 
the stage which serves to support the specimen under observa- 
tion. The stage is cither rectangular or circular in shape with 



42 


A TEXTBOOK OF BACTERIOLOGY 


a central aperture to allow the light rays to pass up. The 
simplest type is the fixed stage with a diameter or side of 
12 centimetres. The slide on which the specimen is mounted 
is kept in position by means of a pair of spring clips attached 
to the upper surface of the stage and movements of it in the 
horizontal plane are executed by the hand. Steady and uniform' 
movements, however, are much better executed by means of 
a mechanical stage which may take the place of the fixed stage. 
Mechanical stages are of the simple or the large design. The 
simple mechanical stage can be revolved about the optical axis 
or moved within a limited range in the transverse plane by 
means of screws. The large compound mechanical stage, also 
called the built-in mechanical stage, allows very much wider range 
of movements. Attachable mechanical stages can be fitted on to 
the simple fixed stage, thereby imparting to the latter all the 
advantages of a compound movable stage. Mechanical stages 
ate often graduated. They are very useful in relocating an object 
in the field by noting its previous position read by the verniers. 
The stage is not capable of movement in the direction of the 
optical axis except in certain special designs not used in biological 
sciences. 

Below the stage and attached to the lower end of the arm 
is the substage. It is worked up and down by means of a rack 


and pinion or a spiral screw. Tbe substage carries a collar 
which receives the substage condenser; this concentrates the light 
rays reflected by the mirror to the object plane in the optical 
axis. It is provided with an iris diaphragm to regulate the 
amount of light entering the condenser. The provision for 
movement of the condenser along the optical axis meets the 
contingency that all slides are not exactly of the same thickness; 
the condenser can be moved up or down and focused to the 
exact point of the object, producing the optimum results. By 
'the provision of centenng screws, the condenser can 6c properly 
centered and this is very important when using objectives of 
^uoenor optical qualities. Commonly the two-lens Abbe type of 
condenser is the one used; but when apochromat/c or semi- 
onochromatic objectives are used, a condenser of the same optical 
nmoertv should be used. On swinging out the diapArcm carrier, 
fvbich is provided jmt hdow tte condenser monm. lie enndemen 
be removed from ils sMmg sleeve and replaced by a 
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different type of condenser such as a swing-out condenser, a dark 
field condenser or some other illuminating device as need be. 
About lOcm. J)elow the stage, a plano-concave mirror is mounted 
on a gimbal fitting, so that it can be turned in any direction 
for reflecting light, which is attached to the lower end of the 
tail piece. The plane mirror is used when there is a condenser 
and the concave mirror in the absence of a condenser. The 
concave mirror acts also as a substitute for the condenser. 

Attached to the lower end of the body tube is a revolving 
device called the nosepiece. It is provided with one or more 
sockets to receive as many objectives of different magnifying 
powers. The advantage of the revolving nosepiece is that it 
enables to rotate into position the desired objective without the 
necessity of unscrewing one objective from the tube and screwing 
another one. The draw tube, which is graduated and usually 
extensible, holds the eyepiece at its upper end. It has often 
a diaphragm provided at its lower end to cut off any reflections 
from the inner wall of the tube. In some microscopes the tube 
is non-cxtensible and single, permanently set at its standard 
working length. 

Primary magnification is cfTccted by a system of lenses 
suitably mounted and functioning as a single convex lens with 
an equivalent focus. It is immediately above the object and 
is called the object glass or simply the objective. It forms 
a magnified image. The lens of this senes nearest to the object 
is called the front lens. The objectives are screwed on to the 
revolving nosepiece. The leogtlw of the objectives are so 
adjusted that when they are rotated on the nosepiece into 
position they are approximately in focus, i.e., they are parfocal. 
A second mounted system of lenses, called the eyepiece or ocular, 
is slided down into the draw tube at its upper end. The lower 
lens of the eyepiece system is called the field lens and the one 
nearest to the eye is called the eye lens. The eyepiece magnifies 
further the magnified image formed by the objective. 

The binocular microscope is a great improvement. It permits 
the use of both eyes and so reduces the eyestrain considerably. 
With a little experience the capacity to blend perfectly the two 
images from the right and left oculars may soon be achieved. 
When it fails with binocular microscopes with parallel ocular 
tubes, as it does with some people, those with converging ocular 



44 


A TEXTBOOK OF BACTERIOLOGY 


tubes will be found satisfactojy. TJie modem stands are sub- 
stantially constructed so that the monocular and binocular bodies 
can be interchanged^ Directly above the objective^ a compound 
prism is interposed in the course of the light rays. It divides the 
rays equally into two halves and deflects them to the right and 
to the left. Simple prisms, arranged one on either side of the 
central prism, receive the half light and direct it up to the 
eyepieces of the microscope. It is important to remember that 
binocular microscopes require double the amount of light needed 
by the monocular ones, and so when working with the former 
a sufficiently powerful source of light should be employed. The 
eyepiece tubes are capable of lateral movement and by means of 
a milled head arrangement provided between them the interocular 
distance can be adjusted to suit individual observers. In order 
fo meet any differences in the focus of the eyes of the same 
person, one of the ocular tubes is constructed of adjustable 
length so that it can be extended or shortened as need be. 
Inclined binocular bodies arc a feature of some of the more 
recent makes. 

The body of the microscope has usually a length of 140 mm., 
but this distance can be increased up to 200 mm. or more by 


sliding up the draw tube. The draw tube scale may read from 
the lower end of the body lube and does not include the thick- 
ness of the nosepiece which is usually 15 millimetres. The optical 
ytube length of a microscope is the distance between the back 
focal plane of the objective and the front focal plane of the 
eyepiece. The front focal plane of the eyepiece is arranged to 
coincide with the plane at which the image would be formed by 


the objective if the fi^d lens did not intervene. The mechanical 
tube length is the distance between the upper end of the draw 
tube to the lower edge of the revolving nosepiece. In most 
makes of microscope it is 160 mm. and their objectives are 
-corrected to this distance. Bui the Leitz objectives are corrected 
to a tube length of 170 millimetres. When the draw tube scale 
docs not include the thickness of the nosepiece, allowance must 
he made for this when adjusting the tube length. For instance, 
if the objective is designed for 160 ram. tube length, the draw 
tube is set at 145 mm. which, together with the thickness of the 
nosepiece, make the required 160 railiimetres. The correct tube 
iLglh is g="=«lly indicated on the draw tuba by an engraved 
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ring. It is essential for good results that in all manipulations 
of the microscope, particularly when apochromatic objectives arc 
used, the length for the lube should be correctly adjusted by 
drawing out the draw tube to the required extent. 

Objectives and Oculars. Objectives are designated by their 
focal lengths and oculars by their factorial magnification. The 
focal length, the magnification and the numerical aperture of 
the objectives are all generally inscribed on the objective mount. 
The objectives in common use are the 16 mm., or i inch, 4 mm., 
or ^ inch, and 2 mm., or I/I2 inch. Of these, the former two 
are called the dry lenses and should never be used with oil. 
The 2 mm. objective is an immersion lens. Immersion lenses, 
as they are designed to work with a wide cone of light, should 
always be used with a suitable immersion fluid. Otherwise, it is 
impossible to obtain the best results of which they are capable. 
Usually cedar wood oil is used as the immersion fluid; hence 
the name oil immersion lens. Brightness and resolution depend 
upon the amount of ligh^ admitted through the aperture of the 
front lens. Rays of light from any point on the object would 
undergo refraction as they emerge out of the cover glass into the 
rarer medium, air, with the result that the circumferential rays 
would be deviated away from the aperture and so only a portion 
of the rays from the point would enter the front lens. If, 
however, cedar wood oil, a medium possessing the same refractive 
index as glass (I *515), is interposed between the cover glass and 
the objective, the loss of rays due to refraction can be avoided 
by establishing continuity of optical texture. Brightness and 
resolution are ihcieby very much improved. That is the rationale 
of using immersion fluid. Other immersion lenses rarely used 
arc 3 *5 mm., or 1/7 inch, and 1*5 mm., or 1/16 inch. 

The correction mount often provided in the high power 
objective is a device whereby the distance of the back lens from 
the ‘Other lense:> of the objective can be varied so as to adjust 
the objective for different thicknesses of the cover glass by 
simply turning the correction collar. 

Eyepieces employed for ordinary wirk arc of the Huyghenian 
type. The Huyghenian eyepiece consists of two plano-convex 
lenses, one large and one small, vrith a diaphragm between them. 
The convex surfaces of both lenses face downwards towards the 
objective. It is so designed as to combine the qualities of high 
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power and large light collecting capacity. Its equivalent power 
is nearly as great as the power of the smaller lens and its light 
gathering capacity is much greater than that of the larger lens. 
The eyepieces are graded according to their magnification from 
2 to 50 and designated by these numbers which are engraved 
on their mounts. The high^- ones of the series, above 10 x, are 
not commonly used as they cause distortion and haziness of the 
image. There are various other types of oculars such as the 
compensating, the Ramsden and so on. 

The optical parts of the microscope are also classified 
according to the degree of correction effected in their inherent 
defects, the spherical and the chromatic aberrations. Spherical 
aberration is caused by the diflerence in the refractive powers 
of the peripheral and the central portions of a lens. The 
peripheral rays are refracted to a greater degree than the central, 
while the axial rays arc not refracted at all but transmitted 
along the optical axis. The result is that all the rays from 
a point are not brought to the same focus. The marginal rays, 
as they are refracted more than the central, are focused on the 
axis at a point nearer to the lens than are the more central rays. 
A point, therefore, instead of appearing as a bigger point will 
appear as a distorted one. Chromatic aberration is due to the 
composite nature of white hght and the iens splitting it up info 
its component colours. These component colours are not 
refracted to the same extent; for example, the blue rays are 
more refrangible than the red; consequently they are brought 
to a focus nearer to the Jens than the red. As a result, fusion 
of the various colours necessary for the formation of white light 
does not occur. Consequently the image is fringed with colours, 
rendering the outline hazy. Lenses corrected for spherical 
aberration are known as aplanatic lenses. The same method of 
correction is applicable as in achromatism, i.t. by the combina* 
tion of positive and negative lenses of dilTercnt powers. Those 
corrected for chromatic defects arc called either achromatic, 
fiuorite or apochromatic lenses according to the degree of 
correction. 

The amount of colour correction can be varied by varying 
any one or all the following factors: the number of lenses used' 
in^the combination, their interrelationship and their texture. 
The achromatic objective is a composite system consisting of 
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positive lenses of crown glass, having low dispersive power, and 
negative lenses of flint glass, possessing very high dispersive 
qualities. Obviously this combination also corrects the spherical 
aberration. This method seeks to combine two of the spectrum 
colours and a fair degree of correction has been obtained. They 
are quite good for ordinary purposes. With the oil immersion 
achromats it is usually enough to use the Huyghenian oculars, 
but better results are undoubtedly obtained with the compen- 
sating eyepieces. The apochromatic objectives are made of fluorite 
and there are ten or more lenses in their formation. This 
mineral is transparent, has a refractive indc.x lower than all other 
existing optical minerals and possesses very low dispersive power. 
In the design of the apochromat, it is sought to synthesise not 
only the dominant colours but also the intermediate ones and 
indeed a very high degree of correction has been achieved, leaving 
unfused only the residual colours. Maximum resolution is 
obtained by the use of the apochromats, making a very high 
degree of effective or useful magnification possible. They are used 
only for critical work, such as micropbotography, and then only 
in combination with compensating eyepieces. When apochromats 
are used, special care should be taken also to adjust the tube 
length accurately and to employ a properly centered condenser 
of the same optical qualities. The mineral fluorite is very 
costly; consequently the apochromatic lenses are very expensive. 
The fluorite or semiapochromatic objectives occupy an inter- 
mediate position between the achromats and the apochromats 
as regards colour correction. Fluonte objectives, with the same 
number of lens elements in their system as achromatic objectives, 
are far better corrected than the latter because of the use of 
■fluonte in their make. 

The source of light may be sunlight or any artificial light 
from a microscope lamp. The light that comes from white clouds 
or a blue sky is usually considered the best form of sunlight 
for microscope illumination. The uncertainty of sunlight, 
particularly in the higher latitudes, is a great drawback. Artificial 
light, on the other hand, is a constant source and can be easily 
controlled. The artificial source' must be provided with a 
mechanism fan iris diaphragm) to regulate the amount of 
incident rays. The illumination should be just sufficient to fill 
■with light the back lens of the objective. More than this will 
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cloud the image. Many types of microscope lamps arc available 
from the simple subslage lamp, which may be used in place of 
the mirror, to the very powerful and elaborate lamp equipped 
with condensing lens reflector and iris diaphragm, 

Rays of light tneident on the mirror are reflected along-the 
optical axis and passed up to the condenser. The amount of 
light admitted to the condenser is regulated, if necessary, by 
the ins diaphragm provided below Uic condenser. The two-lens 
Abbe condenser is the one commonly used. Its position has 
been arranged such that the plane of the object practically coincides 
with its focal plane. The condenser, therefore, forms a very bright 
image of the source of light in the object plane at the opliC^X 
axis, illuminating the object brilliantly {critical Uhtminathn). 
When racked up, the surface of the condenser is not quite flush 
with the surface of the stage but is about 0 - J mm. below it. The 
focal inurcept of the condenser is the distance between the surface 
of the condenser and its prindpal focus. This distance determines 
the thickness of the glass slide employed to mount the object. 
The distance between the upper surface of the cover glass and 
the free surface of the front lens is called the working distance. 
Part of the rays travelling up from any point on the object 
encers through tha front lens in a cone-shaped manner. The 
angular iize of the cone of light entering through the front lens 
from a point is called the aperture. Were it not for the field 
lens of the eyepiece the object glass would form a real, enlarged, 
inverted image of the object at the plane of its conjugate focus 
which lies between the field lens and the eye lens of the eyepiece. 
But as the field lens intervenes in the course of the rays before 
forming the real image, these rays are deflected and the resultant 
image formed by the objective and the field lens together lies at 
a plane a little lower than this. It is this image that is viewed 
by the observer through the eye lens. Its position coincides 
with the front focal plane of the eye lens. The rays passing 
through various points of this image pass up and emerge out 
of the eye lens and through a small circular space and the eye, 
when placed at this point, receives these rays. To the unaccommo- 
dated eye they would appear to be emanating from an image 
considerably enlarged and situated far away below the microscope. 
But this distance to the accommodated eye, when it sees clearly, 
must be the same as the distance of distinct vision, i.e. 25 cm., 
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and the apparent or virtual image formed by the combination 
of lenses constituting the image forming apparatus of the micro- 
scope would seem to be at this distance. Thus, the primary 
magnified image is again magnified by the ocular, causing finally 
a double magnification. As stated above, the pencil of rays 
appearing to proceed from the virtual image arc condensed 
above the ocular at the plane of the back principal focus of the 
entire microscope. It is also at this plane where the image of 
the aperture stop of the objective is formed by the eyepiece. 
It appears as a bright disc above the eyepiece and is variously 
knowm as the Rams'lcn circle, eye point, exit pupil. This circular 
area is very small, enabling the narrow pupil of the eye placed 
at that plane to receive a lai^e bundle of rays. Retina takes up 
these emergent rays and perception of the object m a very much 
magnified form results. To get a full image formed by the 
microscope the eye should be placed exactly at the eye point 
which Is about three to four millimetres above the upper surface 
of the eye lens. 

The magnified image thus formed should be bright, well 
defined and capable of revealing minute structural details (resolir- 
tion), exposing as much of the deeper structures as possible 
(depth of focus). Flatness of field is yet another point aimed 
at. These arc the other important requirements to be satisfied 
by the magnifying components of a good microscope. 

Magnification. With ordinary light a microscope can in 
theory be made to magnify objects indefinitely, but beyond 
a certain limit magnification is rendered useless as the image 
becomes blurred. The magnification that can be obtained without 
sacrificing the other important qualities of the image is called 
the effective magnification. It is this effective magnification that 
is sought to obtain through the agency of a microscope and 
not its possible magnification. 

Total magnification is the product of the initial magnification 
due to the objective and the secondary magnification due to the 
ocular. The initial magnification should be first determined. It 
may be recalled that the objective functions as a single convex 
lens with an equivalent focus. The ratio between the size of 
the image formed by a lens and the size of the object gives the 
magnification of the lens. This is practically found by the ratio 
between the distance of the image from the centre of the lens 
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and the distance of the object from the same point. This 
latter distance in the case of the objective is approximately its 
focal length and the former the optical tube length. In practice, 
however, the mechanical tube length is taken instead of the 
optical tube length for purposes of calculating raagniticatioD. 
Hence, the ratio is finally reduced to that between the rnechanical 
tube length and the focal length of the objective. For example, 
the magnification of the 2 ram. (I/I2 inch) oil immersion objective 
corrected to a tube length of 160 mm., i.e. the initial magnification, 
is 160 divided by 2 which is 80. Using a lOx eyepiece, the total 
magnification is 80X10 or 800. Strictly speajdng, the 2 mm. 
oil immersion lens has a shorter focal length and so it is more 
powerful, giving a magnification of 100 so that with a lOx 
ocular a thousandfold total magnification is obtained. 

From the foregoing considerations it will be evident that 
a change in magnification can be brought about not only by 
changing the objective or changing the eyepiece but also by 
altering the distance between the objective and the eyepiece. 
In other words, the total magnification depends upon three 
factors: the object glass, the eyepiece and the tube length. The 
best method of increasing magnification is by using an objective 
with a higher power and higher aperture. Increasing the power 
of the ocular or enhancing the tube length by extending the draw 
tube does not affect the light gathering capacity of the objective. 

Numerical Aperture. The perception of fine details of an 
object viewed depends upon the amount of light entering the 
objective from every point on the object; the wider the cone 
of light the better the result. That is, the aperture or the 
angular magnitude of the cone of light entering the objective from 
any point on the object should be wide. It is evident that the 
diameter of the collecting lens also serves as a measure of this 
cone of light, directly indicating the light gathering capacity of 
the objective. Usually the aperture is expressed by the product 
of the sine of half the aperture angle and the refractive index 
of the medium occupying the space between the object and 
the objective, i.e. nx sin u, where n stands for the refractive 
Index and u for half the aperture angle. Abbe called the figure 
thus obtained the numerical aperture or N.A. The N.A. may be 
half the diameter of the lens 
expressed as n X sin w = n X t. EypoSnuse ” 
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With objectives of very short focal lengths, the focal length 
and the hypotenuse may be taken as almost equal and so the 

ratio becomes N.A. = nx The maximum possible size for 

the aperture angle is reached when the front lens is almost 
touching the object. The value of it then is very nearly Uvo 
right angles and u is 90^ As u can never be more than 90® 
and sin h is unity, the maximum N.A. for dry lens is one. In 
practice, however, this theoretical maximum can never be 
achieved and the highest obtainable for dry lens is 0*95. It is 
at once obvious from the above equation that the only possible 
way to obtain from a lens a numerical aperture greater than 
unity is to enhance the value of n by placing between the lens 
and the object a medium which has a refractive index higher 
than that of air. Because of its close resemblance to glass 
in Us optical qualities, cedar wood oil ts the medium usually used ; 
hence the name oil immersion lenses for those that are designed 
to work in this way. As cedar wood oil has a refractive index 
of 1 ' 5, approximately the same as that for glass, by the inter* 
position of this the theoretical maximum for immersion objec* 
tives is 1 5, but the practical obtainable is only I • 40. 

The numerical aperture provides a reliable criterion of all the 
essential qualities of an objective. For a given magnification, 
other things being equal, the intensity or brightness of the 
image vanes as the square of the N.A , the resolving power 
and the defining power arc directly proportional to the N.A., 
while the depth of focus, or the power of penetration, varies 
inversely proportional to it. Two objectives may have the same 
power of magnification but different numerical apertures, depend- 
ing upon the diameter of the lens, when the one with the higher 
N.A. is the better objective as it admits a wider cone of light 
and so possesses greater resolving power. Cedar wood oil also 
improves the resolving power as it prevents deviation and conse- 
quent wastage of the peripheral portion of the rays of light 
proceeding up from the object. The figures representing the 
N.A. arc inscribed on the objectives. 

Resolving Power, The resolving power of a microscope is 
its capacity to distinguish clearly between two adjacent points. 
It is determined by the shortest distance between these points. 
It is this property that enables us to observe fine structural 
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details. Resolution is diHerent from visibility; the latter does 
not include distinctness. The factors on which the resolving 
power of a lens depends arc its N.A. and the texture of the 
light employed. The resolving power, as mentioned above, is 
directly proportional to the N.A. The resolving power of a 
microscope is limited by the wave length of the light used. The 
■finer the wave length the better the resolving power and the 
finer the particles rendered visible. The limit of resolution is 
reached when two points on the object arc separated by less 
than half the wave length of the light rays used. It can be 

expressed as ■ The human eye is most sensitive to green 

light which has an approximate wave length of 5, 500 A. U. When 
daylight is the source and the objective used is one with the 

highest N.A., 1 *40, the theoretically possible limit is 

or approximately 2, 000 A. U. or 0*2 micron. That is, the greater 
the N.A. the smaller is this distance and the smaller this 
distance the finer the details that can be resolved, or, in other 
words, the better the resolution. It goes with it that the higher 
the N.A. of an objective the finer are the particles rendered 
visible by it and with greater clearness of structural details. 

It should be noted that beyond the limit of resolution further 
magnification can still be obtained by using higher oculars, 
rendering perception possible, but the image so obtained is not 
clear and the additional magnification is, therefore, useless. In 
practice, with ordinary light, the limit of resolution would be 
reached at 0*25 micron. At this limit the magnification would 
be in the neighbourhood of 1,450 diameters. The elfectjvc 
^Magnification obtainable by a microscope lies between 500—1,000 
limes the value of the N.A. of the objective. The best dry lens 
can thus give an effective magnification of 950(0*95x1,000), 
while the immersion lens with N.A.'l *40 can give 1,400. The 
superiority of the immersion lens is thus quite obvious. 

Definition is the property of the objective which enables the 
formation oT an image with a clear and distinctoutline. What 
may cause the contrary is the spherical and the chromatic 
aberrations. Tfte degree of definition, therefore, depends upon 
the degree of correction of the objective in respect of these 
two errors. A hundred per cent, colour correction is possible 
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only by the use of monochromatic light, but very great approxi- 
mation to it has been achieved m the construction of the 
apochromatic objectives, referred to in greater detail in a previous 
section. 

Fluorescent Microscopy. Fluorescent materials possess the 
ability to transform the invisible ultraviolet radiations into 
luminous rays and appear as self-luminous objects in their 
presence. Fluorescent microscopy takes advantage of this pheno- 
menon. Transparent materials which arc not naturally fluorescent 
are rendered fluorescent by a process of selective staining with 
some fluorescent solution. Auramme, berbcrinc sulphate and 
fuchsine are some of the substances suited for this purpose. 
In this stained state irradiation with ultraviolet rays brings them 
out as brilliantly luminous objects in a dark field. This method 
has been applied with considerable success m the detection of 
acid-fast bacteria in specimens. But special equipments are 
necessary due to the flUration of ultraviolet light by glass and 
so the method has not come into general use. 

Dark Ground DIumination. Neatly every organic structure is 
transparent to visual rays. Some are partially transparent while 
others are entirely so. Though iransparem, they also reflect 
light under certain conditions. In the case of certain types of 
organisms, e.g. the spirochaetes, the degree of transparency is 
too great to permit clear and direct observation by transmitted 
light. A special method of illumination whereby we are enabled 
to see such bodies is called the dark ground illumination The 
underlying principle is Tyndall effect, well illustrated by the 
visibility ol ramuic particles of dust in a shaft of light projected 
across a dark room. 

In this method a powerful source of light, such as the arc 
lamp provided with a clock-work feed and a condensing lens or 
the poinioiiiB lamp, arranged at a suitable distance, illumines the 
object by means of the plane mirtot and a special type of 
condenser called the dark field condenser. The virtue of this 
condenser is that no direct light is allowed to enter llie objective. 
The central portion of the upper surface of the condenser is 
made opaque to light, thus pennitUng only the oblique rays to 
pass up through the peripheral circular portion. The hollow 
cone of light that is so arranged is focused on the obj'ect. 
These incident rays are scattered from the surface of the o^ct 
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under observation and the various points scattering light appear 
as brilliant sparks. Thus, in this method objects arc rendered 
luminous by reflected and not by transmitted light. The central 
opacity is brought about by blackening; consequently objects 
appear as brilliantly lighted up images on a dark background. 
Hence the name dark ground or dark field, as opposed to bright 
field, for this method of illumination. 

The special condenser may be of the paraboloid or of the 
concentric spherical refiectiog type. What is essential for best 
results is that it should possess the same optical qualities as 
the objective. It is also essential that the condenser is accurately 
centered by means of the centering screws. The ordinary 2 mm. 
immersion lens is not suitable for this kind of work, as the 
amount of light it admits is too much. Its N.A. has to be 
reduced to less than 1 *0 either by means of a vulcanite stop or 
a diaphragm interposed between the component lenses of the 
objective. The 1/7 Inch fluorite immersion lens of N.A. 0*95 
is very useful for routine D.G. work. 

TTie glass slides used to mount the specimens must be of 
certain definite thickness, 1 *0—1 *1 millimetre. If not, the object 
would be either beyond or within the focus of the condenser. 
No. I cover-slips only should be used for this purpose. Care 
should be taken to make the preparation as thin as possible 
so that the object under view shall, as far as possible, be in one 
plane. Otherwise, the contrast will sutler. Too many objects 
in the field would also act as a defect by impairing contrast 
owing to a large number of objects scattering light. It is 
advantageous to seal the preparation with vaseline and prevent 
evaporation. A drop of oil free of air bubbles is placed on the 
surface of the condenser which is then slightly racked down. 
The preparation is mounted on the stage and the condenser 
raised home to effect the greatest proximity with the under surface 
of the slide. The beam of light from the microscope lamp, 
which is placed about 8-10 inches in front of the microscope, 
is now directed towards the centre of the mirror and reflected 
upwards towards the condenser. The preparation is then looked 
through the 16 mm. objective. On careful focusing, the centering 
ring which is engraved on the top lens, will appear as a birlliant 
patch of light in the field. The condenser is correctly centered 
when this patch of light is in the exact centre and with the 
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maximum brilliance. U is a delicate piece of work to centre 
the condenser and, where circumstances permit, a microscope 
suitably arranged must be s,ct apart permanently for dark field 
work. Having obtained the correct position, a drop of oil free 
of ait bubbles is deposited on the cover-slip and the oil immer- 
sion lens turned on and carefully focused. Illumination is 
effected by oblique rays and objects are rendered visible not 
by transmitted but by rcfiectcd light. The course of the illu- 
minating rays after they enter the condenser is through a homo- 
geneous system. The suspended objects in the preparation appear 
as scintillating bodies on a dark background. 

Afier the examination is over, the preparation should be 
dropped into a receptacle containing some antiseptic, set apart 
for the purpose. The oil from the optical parts should be 
carefully removed before leaving the microscope. 

Micrometry, The unit of measurement m microbiology is 
the micron or which represents a roiUiontb, or I x I(H, of 
a metre. A mtcro-micron or pjt is one-roilliontb of a micron or 
metre. One Angstrom unit (A.U.) is IxHh’® metre, 
and 10 A.U. make one mUlimictoo or mu, i.e. 1x10* metre. 
One thousand make one and a thousand microns make one 
millimetre. Of these, the bacteriologist is concerned mostly with 
the micron and the miHimicfon. A conception of the size of 
a micron can be obtained from the knowledge that ordinary 
smoke is constituted of particles measuring about 0 *3 p. and the 
fine tobacco smoke of particles measuring about 0-lp and this 
is about 1/2,000 of the diamciet of human hair. 

In practice, the size of microscopic particles is measured 
by the aid of a stage nucrometer used in conjunction with 
a micrometer eyepiece. The stage micrometer consists of a slide 
3x1 inch with a millimetre scale in the centre divided into 
hundred divisions so that one division is equal to lOp, This 
is used to calibrate the actual value of the scale in the eyepiece. 
The micrometer eyepiece is a special type of eyepiece having 
a graduated scale mounted on a diaphragm. This is a purely 
arbitrary scale and has to be caUbrated with reference to the 
micrometer scale to establish its real’valuc. With any objective 
and the micrometer eyepiece working at a certain tube length the 
number of divisions on the eyepiece scale corresponding to one 
division of the stage scale can be easily determined. From this 
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the number of one division on the c)'epiece scale in terras' of 
microns can be calculated. Now substitute the object slide in 
place of the scale slide and, using the same objective and tube 
length, note the number of divisions on the eyepiece scale which 
covers the length or breadth of the object. The measurement 
of the object can then be deduced by mvitipiying the value of one 
division by the number of divisions observed to cover the size. 

When viewed through a 2 x micrometer eyepiece and a 2 mm. 
objective at a tube length of 160 mm., the 100 divisions of the 
eyepiece scale are found to tally xvith 17 divisions of the stage 
scale. Each division of the latter is JO microns. Therefore, 
one division of the eyepiece scale is equal to I T microns, ff, 
for example, two divisions of the eyepiece scale cover the polar 
distance of a bacillus under investigation, the length of the 
bacillus is 2x1-7 or 3-4 microns. Only the micrometer stage 
scale has a definite value and it must be remembered that the 


value of the divisions of the eyepiece scale vary with the objective 
and the tube length employed. Therefore, whenever measurements 
have to be made with different objectives or with a different 
tube length, the value of a division of the eyepiece scale should 
be freshly determined for the particular combination. 

Ultraviolet Microscope. Remarkable improvements have been 
made in microscopy in recent years. Bui there are limits to the 
possibilities of the light microscope. With ordinary light the 
compound microscope may in theory magnify an object to any 
extent, but in practice beyond a certain limit resolution suffers 
and any further increase in magnification becomes unprofitable. 
It has already been pointed out that this limit is reached when 
two points on an object or two objects in a field are separated 
by less than half the wave length of the light employed. In the 
case of visible light, the limit is reached theoretically when this 


distance is less than 0*2 and practically when less than 0-25 
micron. That is to say, objects measuring less than 0 -25 micron 
cannot be resolved even by the best compound microscope. 

It has been explained before how the resolution of a micro- 
scope depends not only oa Us aperture but also on the wave 
length of the light used for illumination. The finer the wave 
length of light employed the greater the resolution and with it 
the creater the effective magnification possible. The ultraviolet 
rays have shorter wave length than the visible rays. Hence, 



THE MICROSCOPE 


57 


by using the former the resoMng power of a microscope can 
be greatly enhanced, enabling finer partiejes, which are beyond 
the resolving power of the compound microscope, to be magnified 
and discriminated. But the problem is that the retina is 
insensitive to such small length radiations and the image formed 
is invisible. This difiicuity has been overcome by substituting 
sensitive plates for the retina and taking photographic record 
of the image. Also, glass lenses arc opaque to ultraviolet light. 
Hence, quartz lenses, which arc transparent to this form of 
radiation, are used in place of glass lenses and a quartz prism 
acts as the mirror. The condenser, which should be also of 
quartz, is modelled as for dark field tlluminatian. Special 
mounting slides and immersion fluids (mizlurc of water and 
glycerine or liquid petrolatum) arc required. A mercury vapour 
lamp provided with quartz tube is a satisfactory source of 
ultraviolet light. The ultraviolet microscope has been extensively 
used in the past in the study of viruses. 

Theoretically, it may be possible to extend the scope of 
a magnifying apparatus by utilising still finer rays than the 
ultraviolet zadiation. But in practice, no substance is known to 
exist, which will transmit such rays. Lenses made of matter 
reach the limit of permeability with the ultraviolet microscope. 
But man’s ingenuity has surmounted even this impasse by devis- 
ing artificial lenses not containing matter. 

Electron Microscope. In the electron microscope a stream 
of electrons is used in place of light. Electrons in motion 
behave as if they were associated with a wave length which is 
of the order of J/100,000 of that of the visible light. This 
extreme shortness of electron waves, endows the electron micro- 
scope with remarkably great resolving poivcrs. When the stream 
of electrons traverses axially symmetneal electrostatic or magnetic 
fields, the latter act as matterless lenses (electrostatic or 
magnetic lenses), acting on Ihcelectron waves just as glass lenses 
will act on light waves These lenses can be focused like the 
optical lenses, regulating resolution and magnification- But the 
focusing is done not by altering the relative distance of the 
objective and the specimen, as in light microscope with its fixed 
optical eyepieces, but by varying ibe lens power by increasing 
or decreasing the voltage of the current employed to produce 
the lens The object is interposed in the path of the flowing 
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electrons which arc focused by the object lens coil, causing 
primary magnification. A second magnetic lens can then be 
similarly arranged to function as an eyepiece and amplify the 
primary image. Thus, a very much magnified shadow image of 
the object is formed. But it is invisible and the eye is, therefore, 
unserviceable for its direct perception. Hence, it Is observed on 
a fluorescent screen or photographed and studied later. The 
component parts of the electron microscope are all analogous 
to those of the optical mtcroscope—source of light, condenser, 
objective and ocular. 

The electron microscope has its limitations. Necessarily it 
is several times more expensive than the compound microscope 
and is available only for research and investigation. The 
object under observation is mounted as a dry film on an extremely 
thin, not more than a micron thick, colJodionmembranesupportcd 
on a fine mesh metal screen. In both ultra and electron micro- 
scopes no staining of the object to produce contrast is necessary, 
as almost every organic structure is opaque to the radiations 
employed. Since air will deflect the electronic waves which do 
not readily traverse matter, the instrument should be operated 
in a high vacuum chamber. In spile of these limitations and 
although electron microscopy is still in its infancy, it can he 
safely foreshadowed that its possibilities are immense. The 
magnification so far achieved is about 100,000 diameters, i.e. 
about 50 times the performance of the best light microscope. 

In bacteriology the electron microscope is of value in the 
study of viruses, bacteriophages, the structure of bacteria, the 
mechanism of antigen-antibody combination and similar problems. 



CHAPTER rv 


MICROSCOPIC STUDY OF BACTERIA 

The microscopic study of bacteria is carried out in the 
unstained living state as well as after staining with solutions of 
organic colouring substances called dyes. For such studies 
preparations of the materials containing bactcna are made on 
glass slides with or without employing cover-slips. The slides 
in common use measure 3 inches by 1 inch and should be of 
good white crown glass. Tlte cover glasses may be round or 
square; rectangular ones are used for blood films. Those in 
general use are the "No. 1" cover-slips with a thickness ranging 
between 0 -15 and 0 -22 mm. The slides and cot-er glasses should 
be carefully cleaned and all grease got rid off before use. 

Cleaning of Slides and Cover-slips. New slides are allowed 
to remain in alcohol containing 5 per cent, hydrochloric acid for 
a few hours. They are then washed to running water, spread on 
a clean towel, dried and stored in a stoppered jar containing 
50 per cent, spirit. Used slides arc thrown into a jar containing 
3 per cent, lysol and allowed to remain there for about a week. 
After a preliminary washing in running water they are boiled 
for half an hour in soap suds. Thereafter they arc thoroughly 
cleaned in cold water, dried and preserved as above. Before 
use slides are dried with a soft clean cloth. Cover-slips are 
dropped one by one into a glass beaker containing a 10 per cent, 
solution of chromic acid and boiled for about twenty minutes. 
They are transferred to a porcelain dish and washed thoroughly 
in running water until all traces of yeUow colour have vanished. 
They are then washed in distilled water and rectified spirit in 
succession and finally transferred to a stoppered wide-mouthed 
bottle containing absolute alcohol wherein they are stored. 

The usual mode of studying living micro-organisms is by 
what is called a hanging-drop preparation. The best results are 
obtained by this method, though often it may be enough to 
examine a drop on an ordinary slide under a cover glass. In the 
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hanging-drop method special slides with a central circular depres- 
sion or concavity, called hollow slides, are employed. The 
depression is about one centimetre in diameter with a depth of 
about one-third the thickness of the slide. The material contain- 
ing bacteria may be fluid, like urine or a fluid culture. If the 
organism is in solid culture, a suspension of it is made in 
physiological saline solution or broth, but fluid cultures arc 
preferable to such emulsions. Examination for motility is best 
conducted with young cultures, not older than twenty-four 
hours. A small drop is placed on the centre of a clean cover 
glass and a hollow slide, with the edge of the hollow lined all 
around with vaseline, is applied to the cover glass with the 
hollow downwards. It is then suddenly inverted. The drop 
now actually hangs into the concavity of the slide from the 
under surface of the cover-slip; hence the name hanging-drop 
preparation. The vaseline serves the purpose both of sticking 
the cover-slip to the slide and preventing evaporation of the 
drop. 

It is better to examine a hanging-drop preparation on a hori- 
zontal stage. The condenser is put out of action by lowering 
or removing. Light is focused properly with the concave mirror 
and the drop is examined with i inch objective. The drop is 
moved about till the edge \s seen as a silvery curve, which is 
then correctly centered and focused. Thus, a thin layer of the 
culture fluid is under view, which is preferable to examining the 
thicker central layers. Now the objective is changed to the 
^ inch and focused properly. It is not necessary to examine a 
hanging-drop by the oil immersion lens, as all the information 
that can be obtained by this method can be gathered by the high 
power dry objective. 

The main object of this method is to study the motility of 
organisms as well as their natural arrangement. Care must be 
taken not to confuse Brownian movement for motility. The 
former is only an oscillatory movement within a very limited 
range shown by any suspended organic particle and caused 
probably by the impact of the surrounding molecules constituting 
the suspension fluid. Motility is a movement of translation and 
is evidence of life activity. Motile organisms move about from 
one part of the field to another. 'Non-motite organisms display 
Brownian movement to a greater or less extent and the beginner 
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is apt to mistake it for motility. The degree of motility and 
the type of motility are additional points that should be observed 
in the hanging-drop. The natural arrangement of organisms 
has also its diagnostic significance. Other features of morphology, 
such as shape, si/e, capsulation, spore formation and the like, 
are better studied after staining. 

The hanging-block is a preparation devised for the micro- 
scopic study of the process of cel! division. A small block 
of nutrient agar, about 8 mra. square, is cut out ascptically 
from an agar plate with a sterile scalpel and the centre of the 
surface inoculated lightly with a bacterial culture. It is dried 
for about ten minutes m the incubator. A clean sterile cover 
glass is applied on the inoculated surface and sealed by melting 
the agar round the edge with a hot needle. The preparation is 
sealed in the chamber of a sterile hanging-drop slide with paraffin 
and observations are made under the microscope 

The supravital method of staining, usually employed for the 
study of cells which are removed from the body and are still 
living, may likewise be used for the study of living bacteria. 
A drop of a stain, like methylane blue or neutral red, is spread 
on a clean slide and allowed to dry. A drop of the bacterial 
emulsion to be examined is then placed on the prepared slide 
and covered with a clean cover-slip which may be sealed with 
vaseline. The organisms are thus stamed by the dye employed. 
The advantage of this method is that the organisms are stained 
without being subjected to the damaging action of fixatives. 

Most of the bacteria can be studied in the living state by 
direct microscopy. This method, however, is not suitable for the 
examination of certain types of organisms. A special method 
designed for the examination of such organisms is by dark 
ground illumination. 

Finer organisms than bacteria, which are beyond the resolving 
power of the ordinary compound microscope, are studied by the 
ultraviolet and electron microscopes. But these are unsuited for 
routine use. Brief reference to these special methods is made 
in the chapter on microscopy. 

Staining of Bacteria. The bacterial cell is almost colourless 
and nothing but the outline can be clearly seen when viewed 
under the microscope. In order to study the structural details 
it is necessary to stain bacteria. Staining is also useful in that 
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it provides a method of identificaiion and classification of certain 
tnicro*organisms which possess special staining properties, e.g, 
the tubercle bacillus. It also enables the preservation of permanent 
specimei)s. The staining of bacteria is done with certain colour- 
ing organic compounds known as dyes or stains. 

Bacterial Dyes, Originally the stains employed in bacterial 
staining were all derived from natural dyes. Artificial or synthetic 
dyes soon replaced them. They were manufactured from aniline 
and so they were called aniline dyes. Now practically all of them 
are manufactured from coal-tar derivatives and bear no direct 
relation to aniline. Hence, the term coal-tar dyes would be more 
accurate than the term aniline dyes. 

Most of the dyes ate derivatives of the hydtocatbon benzol 
and contain one or more of these rings with chromophore and 
auxochrome groups linked to them. Tlie hydrogen atoms of 



benzol are replaceable and when one hydrogen atom is substituted 
by a chromophorc group, like (NO^, (NO) or (N =* N), the 
compound becomes coloured. Such coloured compounds con- 
taining chromophorc groups arc called cbromogcns*/ As they 
do not possess the property of electrolytic dissociation, they 
cannot function as dyes, even though they are coloured sub- 
stances. They are devoid of any affinity for bacteria, tissue cells 
or fibres and do not stain them. The colouring property can 
be imparted to a chromogen if another radical called the auxo- 
chrome group is introduced into the structure of the chromogen. 
"What the auxochrome group does is to bring with it the salt 
forming property. For example, when three hydrogen atoms in 


OH 



TrlnUrobcriicne Picric Jci<3 
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the benzene nucleus are replaced by three nitro groups (NO2), 
the resulting compound is trinitrobenzcnc which is an yellow 
chromogen. This compound is not soluble in water and so, 
though yellow in colour, is not a dye. Now if an auxochrome 
group, such as (OH), is introduced into this compound in place 
of another replaceable hydrogen atom, the resulting compound 
is not only yellow in colour but also dissociable and therefore 
a dye. It is the common picric acid and its dyeing properties are 
due to the presence in it of the auxochrome radical (OH). 
It is, therefore, essential that a dye should have in its structure 
not only the chromophore but also an auxochrome group. 

The auxochrome group may be acidic (OH) or basic (NHj). 
Depending upon which group is present, the dyes arc classified 
as acidic dyes or basic dyes. Commercial dyes are, strictly 
speaking, salts and not acids or bases. Acid dyes are sold in the 
form of salts of sodium, potassium, ammonium or calcium and 
basic dyes as salts of colourless adds, like hydrochloric, sulphuric 
and acetic adds. Basic stains display great afSnity for the nuclear 
material. For this reason, they are generally employed in the 
staining of bacteria. The common stains used for bacteria are 
methylene blue, gentian violet, methyl violet and basic fuchsine. 
The acidic stains are chiefly used in the staining of cytoplasms 
eosin, acid fuchsine, brilliant green and picric acid are a few 
examples. 

Dyes are also used in bacteirology for other purposes than 
staining. Many of them possess antiseptic properties and are 
used as such. Tlicy are used in the preparation of selective media. 
The chromophore group m a dye can be easily reduced and 
in this process it loses its colour. In virtue of this property dyes 
arc used as indicators. Some of the dyes are also valuable 
therapeutic agents. 

Mechanism of Staining. The explanations given about the 
mechanism of staining are far from satisfactory. Two theories 
have been advanced, the physical and the chemical. According 
to the physical theory no new substances are formed in the 
process of staining of the bacterial protoplasm by the dye. 
This theory seeks to explain all the processes involved in staining 
on the basis of mere physical phenomena like osmosis, absorption 
and adsorption. A purely physical theory, however, fails to 
explain the mechanism of stainiag. 
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The protagonists of the chemiest theory, on the other hand, 
contend that the entire mechanism of staining cannot be satis- 
factorily explained by mere physical processes. They assert that, 
QS the result of the interaction between the bacterial protoplasm 
and (he dye, new compounds are formed. No satisfactory proof 
has been brouglit forward in support of this theory'. There is no 
evidence of the formation of nny new substance during the 
process of staining «nd the dye can be recovered from the stained 
bacteria by the simple process of solution with suitable solvents. 
However, it is likely that both physical and chemical processes 
ore jn\ol\ed in the process of staining. 

Other agents employed during staining arc Intcnsificfs, 
mordants, fixatives and decolorisers. Certain substances like 
alkalies, acids and aniline oil, when added to the stain, enhance 
the latter’s staining effect. Such agents are called intensifiers. 
The application of heat, in many cases, w'ill improve the staining 
quality. ]n sortie eases bacterial cells are very difficult to stain; 
they have little or no affinity for the dyes employed. The addition 
of certain substances to the stain, how’ever, promotes staining In 
such cases. Such substances are called mordants, for example 
phenol. Mordants possess strong affinlitcs both for the substrate 
as well as the dye and in virtue of it fix the dye to the bacterial 
body. Fixatives arc substances employed to fix the film to the 
slide or cover-slip and to harden tissues. The fixatives cornmonly 
employed arc methyl alcohol, absolute alcohol, formalin, saturated 
aqueous solution of mercury pcrchloridc and Zenker’s fluid. In the 
ease of films heat will serve this purpose quite well. Decolorising 
agents generally used arc mineral acids, alcohol and acetone. 

The proper making of films is very important for obtaining 
the best results. With a platinum loop a very small portion of 
the material to be studied is spread usually on a slide; films may 
be made also on cover-slips. A large amount of the material 
spread all over the slide is quite unnecessary and inelegant. 
Care should be taken to moke the film thin and even and (his 
depends in no small measure upon the cleanliness of (he slides. 
These should be cleaned completely free from all grease (p. 59). 
Otherwise, fluid spread on them will roll in small droplets 
without spreading. The preparation is then dried in air and 
fixed usually by heat. The slide is held with the thumb and • 
index finger with the film side up and passed slowly three times 
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over a Bunsen flame. Overexposure to heat should be avoided. 
The exposure is just enough for proper fixation when the slide 
is not too hot to be borne when applied to the back of the hand. 
Fixation causes coagulation of the albuminous material, which 
ensures the firm adherence of the film to the slide. The prepa- 
ration is now ready for staining. 

Fluid materials, like broth culture, pus, exudates, urine, 
sputum and the like, are directly spread with a platinum loop. 
With solid materials, like growth on solid media and motion, 
a drop of sterile normal saline or water is placed on the slide. 
After sterilising and cooling the loop, a minute amount of the 
material is removed to the drop, thoroughly emulsified and 
spread. Gentle touch on the surface of the growth will usually 
suffice to take a sufficiency of the material. 

Simple Stains. Bacterial reaction to stain is very much the 
same as the reaction of nuclear material. Any basic dye in 
dilute watery solution can be used as a staining reagent. Those 
in common use are methylene blue, basic fuchsine and thionin. 

Loefiler’s Methylene Blue 

Aqueous solution of potassium hydroxide, 
one per cent. . . . . . . 1 c.c. 

Water . . . . ..99 c.c. 

Methylene blue, saturated alcoholic solution 30 c.c. 

Films are stained for one to two minutes and sections for five 
minutes or longer. Methylene blue is a safe stain and does not over- 
stain even when the time limit usually laid down is transgressed. 

Dilute Carbol Fuchsine 

Ziehl-Neelscn’s carbol fuchsine (p. 71) . . I c.c. 

Distilled water .. .. .. . 19 c.c. 

Films are stained for 15-20 seconds. Unlike methylene blue, 
carbol fuchsine is an intense stain and readily tends to overstain 
and blur details. 

Carbol Thionin. This is an excellent stain for demonstrating 
in tissues organisms like plague and glanders bacilli. 

Stock solution: 

Thionin .. .. .. I gram 

Phenol, 1 : 40 watery solution . . . • 100 c.c, 

3 
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^or use: 

Stock solution . . . . , . . . \ part 

Distilled water . . . , . . . . 3 parts 

(Filter before use) 

Stain sections for 5-10 minutes. 

Wash well with water. 

Differentiate in water to which a few drops of acetic acid 
have been added. 

Wash well with water. 

Blot, dehydrate with absolute alcohol, clear in xylol and 
mount in Canada balsam. 

Ncgatire Staining. In this method it is not the bacteria that 
are stained but the background. A homogeneous coloured back- 
ground is produced by the stain employed and on this the 
unstained organisms are seen as clear transparent objects; in 
Burn’s Indian ink method, which was originally devised for the 
staining of T. palUdum, a small drop of Indian ink is placed on 
a clean slide and a drop of serum from a suspected syphilitic sore 
is also transferred to it. These are mixed and spread out, with 
a slide, as a thin uniform him and allowed to dry. On examiaa- 
tioa the spirochostes a 1 :e seen as unstained, transparent objects 
on a dark background. Nigrosin is another substance used in 
the rehef staining of bacteria. A similar effect is produced after 
staining capsulated and sporiog bacteria by the ordinary' methods; 
the capsule or spore is seen as unstained, transparent structures 
in contrast to the stained bacterial body and the surroundings. 

Selecthe or DiOeremiai Staining. By simple staining all 
bacteria are stained alike and no differentiation is possible 
between organisms possessing the same broad morphology. But 
they have been found to exhibit differences in their staining 
reaction to some of the dyes. Taking advantage of this, certain 
important staining methods have been evolved empirically, which 
are of considerable assistance in the diagnostic identification and 
classification of organisms. Two such methods are the Gram’s 
and the acid-fast. 

Gram’s Stain. This is a very useful and important stain 
originally devised by Gram. It is also the most widely used of 
all the differential stains. On the basis of the/r reaction towards 
this staining method, bacteria are classified into two groups.* the 
Gram-posiUve and tha Grara-negaftw fr. 69). 
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The principle of this method depends upon the fact that when 
stained with an aqueous solution of any of the basic pararosanilinc 
dyes, such as methyl violet or crystal violet, and then treated 
with a solution of iodine in potassium iodide, some bacteria 
retain the dye on subsequent treatment with a decolorising agent, 
such as alcohol, aniline or acetone, the iodine solution exerting 
a mordanting action and fixing the dye, whereas others lose it. 
Those that retain the stain are spoken as Gram-positive and 
those that are decolorised as Gram*ncgalive. In a mixture of both 
varieties the Gram-positive bacteria appear violet stained, whereas 
the Gram-negative ones cannot be seen. In order to render 
these evident, another stain, usually led, is applied, A stain 
employed like this is called a counter stain or contrast stain. The 
organisms rendered inapparent as the result of treatment with the 
decolorant take the counter stain, while the already violet 
stained ones arc not affected by this procedure. Therefore, the 
final picture presented is that of the violet stained Gram-positive 
organisms appearing side by side with the pink stained Gram- 
negative ones, thus producing a differential staining effect. 

The Gram-positive property is confined practically to certain 
bacteria and yeasts; no other living cell shows it. Moulds 
respond somewhat irregularly towards this reaction. Even under 
the same conditions, all the Gram-positive organisms do not 
display the same capacity to retain the primary stain and so are 
not stained uniformly well. Some are well stained and somC^re 
feebly stained. Certain conditions, such as age of the culture, 
action of tissue ferments, and the pH of the medium, influence 
the Gram reaction. For example, old cultures, organisms in 
pus, etc., stain irregularly. But such irregularities do not detract 
from the general differential value of the method. It is worth 
while remembering that a Gram-positive organism may lose the 
primary stain and appear as Gram-negative, whereas a Gram- 
negative organism will never appear as Gram-positive. 

The mechanism of the reaction is by no means clear. Several 
theories have been advanced to explain it. The Gram-positive 
property is said to be a function of the intact cell membrane 
which does not permit the escape of the alcohol-soluble iodine- 
dye complex formed in the cell, whereas in the case of the 
Gram-negative organisms the cell membrane readily allows this. 
Other theories propounded to explain the differential reaction of 
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the two classes of bacteria are: difTcrcncc in the state of intra- 
cellular dispersal of the bacterial protoplasm, di/Tcrcncc in the 
intracellular pH and peculiarities on their chemical structure. 
Recently evidence has been brought forward in support of the 
last theory. A chemical substance, magnesium ribonuclcatc, has 
been extracted from the Gram-positive bacteria. Removal of 
this substance renders them Gram-negative, while recombination 
restores the Gram-positive property. Ribonuclcatc obtained from 
any source, such as yeast, will restore the lost property. But it is 
highly specific and even closely related compounds cannot replace 
it. No such substance can be obtained from the Gram-negative 
bacteria nor do these evince any tendency to combine with this 
chemical. Magnesium ribonuclcatc seems to reside in the cytoplaS’ 
rate coating in combination with certain protein constituents. This 
combination appears to be essential for the Gram-positive quality. 

The pararosaniline dyes arc found most suitable for the 
primary stain in the Gram's method. They are methyl violet, 
crystal violet, gentian violet (which is a mixture of the other 
violet pararosanilines) and victoria blue; of these, methyl violet 
and gentian violet arc the most commonly used ones in the 
Gram’s technique. Several modifications have been made in the 
original method, but the principle involved is the same. 

Jensen’s Modification of Grain’s Stain 
Jficagous 

Afeihyl Violet: 

Methyl violet (6B) • . . . . . 0-5 gram 

Distilled water • . . . . . 100 c.c. 

(Filter) 

Iodine Solution (Logo/’j iodme): 

Iodine .. .. .. .. I gram 

Potassium iodide . . . . . . 2 grams 

Distilled water .. .. 100 c.c. 

This iodine solution is three times stronger than the original 
Gram’s iodine. 

Neutral Red Solution’ 

Neutral red . . . • . . 1 gram 

Acetic acid, 1 per cent. . . . . 2 c.c. 

Distilled water .. .. .. 1,000 c.c. 

Prepare the film and fix it as mentioned above. 
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Pour the methyl violet solution on the film and allow it 
to act for half a minute. 

Hold the slide in a slanting position and wash off the 
methyl violet with the iodine solution. Allow the iodine 
solution to act for half to one minute. 

Wash off the iodine with absolute alcohol, a few drops^at 
a lime, until no more stain comes off the preparation. 
This can be easily made out by noticing the colour of 
the draining fluid at the lip of the slide, which should 
have no more than a faint trace of colour. 

Wash off the iodine solution with the counter stain and 
allow this to act for half to one minute. 

Wash with distilled water and dry between blotting paper. 

A 0-5 per cent, safranin or dilute (1 : 20) carbol fuebsine 
may be used in place of neutral red. 

If properly done, all Grara-posiiive organisms and fibrin 
appear violet and Qtam-negativc organisms, tissue cells, pus cells 
and their nuclei appear pmk with the counter stain. 

\ 

TABLE I 

Reactions of Certatn Bacteria to Gram’s Stain 


Positive Negative 


Staphylococci . 

. . Gonococcus 

Streptococci 

.. Meningococcus 

Pneumococcus .. 

. . N. caiarrhahs 

Micrococci 

. . Br. meUtensis 

Sarcinar 

. . Br. abortus 

C. diphtheria . . 

. . H. mjiuenza 

C. hofmannd . , 

. . ff. pertussis 

C. xerose 

. . U. duplex 

Mveo. tuberculosis 

. . Proteus 

Myco. lepra 

. . Ps. pyocyanea 

Myto. smegmatis 

. . Past, pestis 

Actinomyces 

. . P/. mallei 

B. sub tills 

. . V. cholera 

B. cinf/irncis 

. . Coli-aerogenes group 

Cl. tetani' 

. . Friedlander group 

Cl. welchii 

. . Enteric group 

Cl. novyi 

. . Salmonella group 

Ct.sepxicum 

.. Dysentery group 

CL sporagenes . . 

.. Vincent’s bacillus 

CL botuUnum . . 

. . Spirochactes 
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The Acid-Fast Staia, Most of the organisms are readily 
stained by aqueous solutions of coal-tar dyes. There are, how- 
ever, a few which are difficult to stain in this way. These 
organisms can be forced to take the ordinary stain by special 
methods and when once stained, they resist dccoJorisation with 
dilute mineral acids. The dye sticks fast to the orgamsm even 
in the presence of the strong decolorising agent, the acid. Such 
organisms are, therefore, termed acid-fast. 

The difficulty in staining was first encountered in the case 
of the tubercle bacillus and it was in connection with it that 
the acid-fast method was developed. Ehrltcb found that when 
tubercle bacilli were stained with warm aniline oil basic fuchsine 
or anilrae oil methyl violet, they resisted subsequent decolorisatioa 
with dilute mineral acids. Ziehl introduced phenol as a mordant 
and showed that a solution of basic fuchsine in 2 per cent, 
aqueous phenol gave better results. Neelsen subsequently 
increased the strength of phenol to 5 per cent. Hence, this method 
is known as the Ziehl-Neelsen method. 

The acid-fast property is said to be due to the presence of 
a high percentage of Upoid material in the envelope of the 
acid-fast organisms, which probably prevents the penetration of 
the dye. An unsapouifiablc waxy substance possessing acid-fast 
property has been isolated from them. All aad-fast organisms 
contain this waxy substance to a greater or less extent and the 
degree of acid-fastness depends upon the amount present. The 
greatest waxy content is found in the tubercle bacillus and it is 
strongly acid-fast; the saprophytic acid-fast organisms contain 
only very small proportions and they are feebly acid-fast. The 
property of acid-fastness is also a function of time. After the 
primary stain, if the organisms arc exposed to the action of the 
acid for considerably long periods, they lose the stain. The 
acid-fast bacilli are also alcohol-fast in varying degrees, the 
pathogenic ones considerably more than the saprophytes. 

Basic fuchsine is a powerful nuclear dye. With the mordant- 
ing action of phenol and the application of heat, the dye is able 
to penetrate into the cell. The heat employed probably melts 
the waxy material, facilitating more rapid and intimate staining. 
Prolonged staining without the application of heat also brings 
about the same effect. Just as the organism resists ingress of 
the dye it also resists the dissolving out of the dye by the acid. 
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All other organisms are completely decolorised. In order to 
render such decolorised organisms wsible, a counter stain, usually 
methylene blue, is used. 

Zlehl-Neclsen Method 

Carbol fuchsinc: 

Basic fuchsine .. .. .. 1 gram 

Absolute alcohol . . . . . . 10 c.c. • 

Carbolic acid, aqueous 5 per cent, solution 100 c.c. 

The dye is dissolved in alcohol first and then added to the 
phenol solution. 

Staining: 

Prepare the film and fix it over a flame as mentioned above. 

Pour carbol fuchsine over the film and heat gently to 
steaming. 

Allow the stain to act for five minutes, heating the slide 
at intervals. Complete evaporation of the stain and 
drying should be avoided; so also boiling. 

Wash well with water, removing all the excess stain from 
the slide. 

Decolorise with 20-25 per cent, sulphuric acid (5-10 per 
cent, for Myco. lepra), washing alternately with water 
to remove all the acid-dye compound and allow fresh 
acid to act. Carry it on until no more colour is 
dissolved out and the smear after washing with water 
elves a faint pink tint. 

Wash the slide thoroughly with water. 

Counter-stain with Loeffler’s methylene blue for one minute. 

Wash and dry between blotting paper. 

The acid-fast organisms appear bright red on a blue back- 
ground, while tissue cells and other organisms are stained blue in 
contrast to the red acid-fast bacilli. 

As contrast stains malachite green in one per cent, solution 
or saturated solution of picric acid may be used applying for 
15-20 seconds. The former gives a pale green and the latter a 
yellow background. 

Any mineral acid may be used for decolorisation, 20 per 
cent, nitric acid or 3-4 per cent, hydrochloric acid. 

Some workers advocate treating the film with absolute 
alcohol for two minutes as a routine procedure after decolorisation 



n 


A TEXTBOOK OF BACTERIOLOGY 


with acid. This is to decolorise weakly alochol-fasl saprophytic 
acid'fast organisms like the smegma bacillus. 

Staining of Section. All manipulations should be gentle; 
otherwise, the section is apt to be dislodged from the 
slide. 

Remove paraffin by treating with xylol, wash with alcohol 
and then with water, as described on page 82. 

Stain with carbol fuehsine as described above, but heat 
gently lest the section should get detached from the 
slide. 

Wash thoroughly but gently with .water. 

Decolorise with 20-25 per cent, sulphuric acid (5-10 per 
cent, for Afyeo. Upra). The process takes a longer time 
due to thickness of the section. 

Wash well in water. 

Counter-stain with methylene blue or malachite green for 
30*-60 seconds. 

Wash well with water. 

Wipe the slide dry all round the section. Pour a 
few drops of absolute alcohol, pour off the excess 
and press the section wlh blotting paper using steady 
pressure. 

Immediately pour more absolute alcohol and complete the 
dehydration. 

Clear in xylol. 

Mount in Canada balsam. 

Special Stains. Special stains have been devised for the 
demonstration of certain bacterial structures, viz. metachromatic 
granules, capsules, flagella and spores, which are either difficult 
to stain by the ordinary methods or give characteristic appear- 
ances by these special staining processes. 

Staining of the Diphtheria Bacillus. The presence of meta- 
chroraatic granules help in the identification of this organism. 
These granules are stained by any basic dye, but characteristic 
reactions are given by certain special staining methods. . Young 
cultures, 18-24 hours, are to be used; otherwise, the presence of 
bizarre forms common to allied organisms will vitiate the results. 
Again the characteristic appearance is given best when the 
growth is from media containing serum, such as the Loeffler's 
medium. 
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Neisser’s Method (modiSed) 


Solution A: 


Methylene blue 

- . I gram 

Absolute alcohol 

. . 50 c.c. 

Glacial acetic acid 

. . 50 c.c. 

Distilled water 

.. 1,000 c.c. 

Solution B: 

Crj'stal violet 

* 1 gram 

Absolute alcohol 

. . 10 c.c. 

Distilled water 

. . 300 c.c. 

Counter stain: 

Chrysoidin 

. . 1 gram 

Distilled water 

. . 300 c.c. 

Dissolve by gentle heat and filter 
or 

Bismark brown 

. . 1 gram 

Distilled water 

. . 500 C.C. 


Mix together two parts of solution A and one part of solu- 
tion B. 

Flood the film with the mixture and stain for 30-60 seconds. 
Counter-stain with chrysoidin or Bismark brown for 30 
seconds. 

Wash in water and dry. 

The granules of the bacilli appear blue black, while the 
protoplasm stains yellowish brown. 


Pugh’s Stain 

Toludine blue .. .. .. 2 grams 

Absolute alcohol . . . . . . 20 c.c. 

Glacial acetic acid . . . . . . SO c.c. 

Distilled water . . . . . . . . 950 c.c. 

Frepareand fix the film as usual. 

Cover the film with the stain and gently steam it for one 
to three minutes. 

Wash in water and dry. 

The granules are stained reddish purple, while the bacillary 
body takes a light blue tint. This is a very useful and rapid 
single stain. 



A TEXTBOOK. OF BACTERIOLOGY 


Staining of Capsule 

Hiss’s Method 
Hcagents: 

(1) Saturated alcoholic solution of gen* 

tian violet (or basic fuchsine) . . I part 
Distilled water . . . , . . 19 parts 

(2) Copper sulphate solution, 20 per 

cent, aqueous 

Films should be thin and fixed by heat in the usual 
manner. 

Cover the film with the stain and gently heat until steam 
arises. 

Stain for 20-30 seconds. 

Wash off the stain with the copper sulphate solution 
repeatedly with liberal amounts of it till the slide is quite 
cool. This prevents the excess deposit of copper sulphate 
crystals on the film. 

Dry between blotting paper without washing and mount, 
if necessary, in Canada balsam. 

The capsules are stained pale bluUh purple and bacteria 
3 violet. 

Muir’s Method 

Reagents: 

Carbol fuchsine 
Special mordant 
Loeffier’s methylene blue 

Mordant: 

Mercuric chloride, saturated aqueous solu* 
tion .. .. .. .. 2 parts 

Tannic acid, 20 per cent, aqueous solution 2 parts 
Potash alum, saturated aqueous solution. . 5 parts 

"Very thin films are prepared and fixed by heat as usual. 

Stain with carbol fuchsine for one minute, heating gently 
to steaming. 

Wash slightly with spirit and then wcU with water. 

Treat with mordant for 30 seconds. 

Wash well with water. 
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Treat with spirit for 20-40 seconds till the film is pale red 
in appearance. The exact time depends upon the prepa- 
ration and is to be determined by trial. 

Wash well with water. 

Counter-stain with methylene blue for 30-60 seconds. 

Wash well with water and dry in the usual way or the 
film may be dehydrated with absolute alcohol, cleared 
in xylol and mounted in balsam. 

The capsules are stained bright blue and bacteria deep 
crimson. 

This method gives beautiful results but requires considerable 
experience and skill. 

Staining of Flagella. Flagella are not visible when examined 
in a hanging-drop preparation; they may, however, be made 
out when examined by dark ground illumination. Ordinary 
methods of staining fail to show them upj special stains have to 
be employed for their demonstration. The staining of flagella 
is very difficult and demands a great deal of manipulative skill 
and care. Success also depends in no small measure on the 
cleanliness of the slides used and the way in which the films are 
made. 

A small amount from an agar culture is emulsified in water, 
the quantity of culture being only just enough to cause the 
faintest turbidity of the water. This may also be done as 
follows; a drop of water is placed on a clean slide and a small 
speck of growth taken on the point of a platinum needle is held 
in contact with the surface of the drop of water and gently 
shaken for a few seconds, allowing the bacteria to swim off into 
the water. From the emulsion a thin film is made on a perfectly 
clean slide and allowed to dry in the air. 

■ Muir’s Modification of Fitfield’s Method 
Reai^ents 

A. Mordant: 

Tannic acid, 10 per cent, aqueous solu- 
tion .. .. .. .. lOc.c. 

Corrosive sublimate, saturated aqueous 
solution . . . . . . . . 5 c.c. 

Alum, saturated aqueous solution . . S c.c. 

Carbol fuchsinc . . . . . . 5 c.c. 
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Cover it with the stain and add double the volume of 
distilled water, mix and allow to act for five minutes. 

JVash in distilled water,' 

Dry between blotting paper. 

Slow Method. This is employed in the staining of objects, 
like the spirochretes, which are difiieult to stain by the ordinary 
methods. The film is fixed with methyl alcohol for three minutes. 
It is laid in a Petri dish with one end raised on a piece of glass 
rod and with the film side down, so as to prevent any deposit 
of stain on the film. Dilute stain (1:10 of distilled water) is 
then poured into the Petri dish. The dish is covered and the stain 
allowed to act for 16-24 hours. The slide is svashed and dried 
as usual. 


Staining of Splrochstes 
Fontana's Method 


J!eage/ifs 

Fixative: 

Glacial acetic acid 
Formalin 
Distilled water 
Mordant: 

Carbolic acid 
Tannic acid 
Distilled water 


I c.c. 
20 c.c. 
100 c.c. 


1 gram 
5 grains 
100 c.c. 


Ammoniacal silver nitrate; Add 10 per cent, ammonia to 
a 0-25 per cent, aqueous solution of silver nitrate until the 
precipitate formed just dissolves. Then add more silver nitrate 
solution drop by drop until the precipitate reappears and 
does not again go into solution. The solution is now just 
opalescent. 

Technique: 

Treat the film with the fixative for a minute or two, 
changing the fixative once or twice. , 

Wash thoroughly in running water. 

Cover the fih^t .with the mordant and heat to gentle 
steaming; allow it to act for 30 seconds. 

Wash thoroughly with disUIIed water and dry. 
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Treat with the silver nitrate solution, steaming gently 
for 30 seconds, when the film becomes brown in 
colour. 

Wash well in distilled water, dry and mount in Canada 
balsam. 

The spirochteies are stained dark brown or black due to the 
precipitation on them of minute particles of silver which also 
make them appear thicker. 

Levaditi's Method of Staining Splrochstes in Tissues 

Fix very thin slices (1 mm. thick) of tissue in 10 per cent, 
formalin for twcnty*four hours. 

Wash in water for one hour. 

Placc in 96'98 per cent, alcohol for twenty-four hours. 
Remove them to a dark bottle containing 1 -5 per cent, 
silver nitrate solution and keep in the incubator for 
three days. 

Wash in distilled water for 30 minutes. 

Place the pieces in the reducing solution made as 
follows : 

Pyrogallic acid . . . . . . 4 grams 

Formalin .. .. .. 5c.c. 

Water . . . . . . . . 100 c.c. 

Allow them to remain in it for 48 hours at room tempe- 
rature. 

Wash well in distilled water. 

Dehydrate with increasing strengths of alcohol and clear 
in xylol. 

Embed in paraffin. 

Cut thin sections, remove paraffin with xylol and mount 
in Canada balsam. 

The spirochstes arc stained black and the background 
pale yellow. 

Staining of Inclusion Bodies. Giemsa's stain is satisfactory 
when these arc basophilic in nature, €.g, in psittacosis. But, for 
acidophilic inclusion bodies more satisfactory stains have been 
devised. . 

Pieces of tissue are fixed in Bouin’s or Zeriker’s fluid and 
paraffin sections cut in the usual manner. 
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Mann’s Stain 

Methylene blue, 1 per cent aqueous solution 35 parts 
Eosin, 1 per cent, aqueous solution . . 45 parts 

Distilled water . . . . . . .‘.100 c.c. 

Stain for 12 hours in the incubator at 37® C. 

Rinse in water. 

Differentiate under the microscope in 70 per cent, alcohol 
with a drop of aqueous orange G. solution added to each 
cubic ccritiimetre. 

Dehydrate and mount in balsam. 

Staining of Elementary Bodies. While elementary bodies 
may likewise be stained by the Gicmsa's technique, more satis- 
factory results are obtained by other methods. 

Paschen’s Method 
Locker's flagcUa mordant: 

Tannic acid, 20 per cent, aqueous solution 100 c,c. 
Ferrous sulphate, saturated solution . . 50 c.c. 

Basic fuchsine, saturated alcoholic solution 10 c.c. 
Make films from infected material on slides and let them 
dry. 

Place in distilled water for five minutes and dry in air. 

Fix in absolute alcohol for five minutes and dry in air. 

Treat with the mordant, gently heating for one minute, 
and allow it to act for ten minutes. 

Wash in distilled water. 

Stam for ten minutes with 5 per cent, carbol fuchsine 
solution, gently heating during the first minute. 

Rapidly wash in water, dry and mount in cedar-wood oil. 
Castaneda’s Method. This is a very satisfactory method for 
Staining Rickemia. It may be used for staining elementary 
bodies. 

(a) Buffer Solution: 

Potassium dihydrogen phosphate (KH^PO,) 1 gram in 
100 c.c. of distilled water. 

Sodium mojiohydrogen phosphate (NajHPO*, 12 HjO) 
25 grams in 900 c.c. of distilled water. 

(Mix and adjust pH to 7 -5) 

Add I c.c. of formalin as a preservative. 
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(ft) Methyl alcohol .. .. .. 100 c.c. 

Methylene blue .. .. .. I gram 

To 20 c.c. of buffer solution {a), add 1 c.c. of formalin and 
0 -15 C.C. of (6). 

(f) Counter stain: 

Safranin ”0”, 0*2 per cent in distilled 
water . . . . . . . - 1 part 

Acetic acid, OT per cent .. .. 3 parts 

The film is stained for three minutes. The stain is then 
poured off, without washing, and the smear is counter-stained 
with safranin for one to Jour seconds (never more). The film 
is then washed in running water and dried. 

The rickettsis stain blue, while the cytoplasm and nuclei of 
the cells are stained red. 

Staining of Bacteria in Tissues. Occasionally it may be neces- 
sary to examine tissues for the presence of bacteria. For this 
purpose, tissue is cut into thin sections and stained. It is quite 
essential for accurate results that the tissue examined should be 
as fresh as possible. Otherwise, the post-mortem changes that will 
ensue will interfere with the bacterial content and vitiate the results. 

Thin pieces of the tissue, about i inch thick, are cut and 
fixed or hardened in a suitable fixative. They are then dehydrated 
by several changes of alcohol, so that paraffin may permeate into 
the tissue. Dehydration is followed by treatment with a fluid, 
like xylol, bcn/ol, acetone or chloroform, which is a solvent of 
both alcohol and paraffin. The tissue is then embedded in 
melted paraffin. 

Fixatives. Formalin in 10 per cent, strength in physiological 
saline solution is a convenient and satisfactory fixative for general 
use. Tissue cut into thin slices is put into a large volume of 
fixative. The latter is changed once at the end of twenty-four 
hours ; in another twenty-four hours fixation is usually complete. 
The pieces are then washed in running water for an hour and 
kept in 50 per cent, alcohol pending dehydration, 

Zenker’s Fluid: 

Mercuric chloride - . . . . . 5 *0 grams 

Potassium bichromate . . . . . . 2 *5 grams 

Sodium sulphate . . . . . . I *0 gram 

Water .. .. .. 100 cc. 
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Immediately before use, 5 c.c. of f lacial acetic acid are added 
to every 100 c.c. of the fluid. 

Thin pieces of tissue are placed in the fluid for 12-24 hours 
and then washed thoroughly in running water for 24 hours to 
remove the potassium bichromate and mercuric chloride. They 
are then transferred to 50 per cent, alcohol until used. 

Bouin's Fluid: 

Picric acid, saturated watery solution . . 75 parts 

Formalin .. .. 25 parts 

Glacial acetic acid . . . . . , 5 parts 

This is quite a satisfactory fixative for tissues meant for 
the study of inclusion bodies. It keeps well. Pieces of tissue 
are dropped in it for I-I2 hours according to their thickness and 
consistency.' They are washed in 50 per cent, and 70 per cent, 
alcohol successively until the picric acid is removed. 

Paraffin Embedding. The fixed pieces of (issues are pot 
through as follows; 

90 per cent, spirit for 2-5 hours. 

Absolute alcohol for 2 hours. 

Fresh absolute alcohol for 2 hours. 

Mixture of equal parts of absolute alcohol and chloroform 
till tissue sinks or overnight. 

Pure chloroform for 6 hours. 

Mixture of equal parts of chloroform and parafBn, which 
is kept melted in the paraffin oven, for one hour. 

Pure melted paraffin in the oven at 55“ C. for two hours. 

The tissue is then blocked and sections cut by microtome. 
The sections should not be more than 3-6 microns thick. 
After cutting they arc spread out on warm water, floated on to 
slides and allowed to dry. Albuminised slides are preferable 
where staining involves heating. 

The paraffin has to be removed from sections so that watery 
stains may penetrate into the tissue. The section is, therefore, 
passed through as follows: 

Xylol for a few minutes (the slide may be gently warmed 
immediatey before this step}. 

Absolute alcohol, rectified spirit, 70 per cent, spirit in 
succession for a few minutes each. 

Running water for some time. 
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LugoVs iodine, if the tissue is fixed in Zenker’s fluid, for 
a few minutes. 

Running water. 

Rectified spirit. 

Running water. 

The section is now ready to be stained. After staining and 
washing well in water, the slide Is cleaned all round the section 
with a piece of cloth or blotting paper. Add a few drops of spirit 
and drain. Place the slide on the desk and press the section 
under blotting paper using steady pressure. TTiis removes the 
bulk of water in the section. Add immediately a few drops of 
spirit and complete the dehydration with absolute alcohol. 
Remove the alcohol with xylol and after clearing is complete, 
wipe off the excess of xylol round the section. Put a drop of 
Canada balsam and apply a cover«sltp. Great care should be 
taken that the section is never allowed to dry at any stage of the 
process. 



CHAPTER V 

THE PREPARATION OF CULTURE MEDIA 


Morphology nionc does not form a trustworthy guide in the 
study and identification of micro*orgnnisnis. For such purposes 
bacteria arc grown in artificial nutrient preparations called 
Culture media. The successful cultivation depends mainly upon 
the nutritive qualities of the culture media; the presence of 
moisture in adequate quantities is also an essential requisite. 
Bacteria vary widely in their nutniional requirements; it is not, 
therefore, surprising that a wide variety of media, no less than 
7,000 different types, have been devised to meet the varied require- 
ments. It is also necessary, if niore than one type of organism 
are present, to isolate them in what arc called pure cultures, so that 
their specific characters may be studied accurately. Many methods 
have, therefore, been devised for the isolation of individual 
species. U may be recalled that bacteria are ubitjuitous and are 
usually present in all materials and articles used for the prepara- 
tion of media. Hence, one of the essential prerequisites of all 
cultural methods is a preliminary removal or destruction of all 
forms of microbic life from the media employed for the groulh 
of organisms. Further, the sfcrilily thus created in culture media 
should be maintained by protecting them from extraneous conta- 
mination. 

Generally, culture media are prepared and stored in glass 
containers of di/ferent shapes and sizes. Those in common use 
are test tubes, Petri dishes and flasks of both Erlenmeyer and 
the ordinary Florence types. These, of course, should be thorough- 
ly cleaned and sterilised before use. 

Recently screw-capped bottles have been introduced for the 
Toutinc use and storage of culture media. They are available in 
varying shapes and sizes. They have the advantage that media 
stored in them undergo very little desiccation and keep sterile 
for a long time. They are also vciy convenient for long distance 
transport. 
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5 6 7 


Fw. 4. 1, Test Tube; 2, Roux Tube; 3, Pctn Dish; 4. Bo’ibng 
Flask; 5, Erlenmeyer Flask; 6, South’s fermeataticn Tube; 7, Durham's 
Feimenution Tube, 8. Screw>capped Media Bottle. 

Preparation of Glassware. Free alkali may be often present 
on new glassware. In order to remove it, they may be immersed 
■in one per cent, hydrochloric or nitric arid for several hours. 
They are then treated with one per cent, sodium hydroxide for 
some time, which is followed by thorough washing in running 
■water. Used glass containers with culture mcdva are first sterilised 
either by immersion in three per cent, lysol for twenty-four hours 
or in the autoclave. The latter procedure is safer, especially when 
dealing with culture media containing such dangerous and hardy 
organisms like the tubercle bacillus or the spore-forming pathogens 
like the tetanus and anthrax bacilli. After sterilisation, they are 
boiled in five per cent, sodium hydroxide or in soap suds for fifteen 
10 twenty minutes. This is followed by mechanical cleansing with 
suitable brushes and thorough washing in tap water. They are 
then allowed to dram and dry. The screw-capped bottles, as they 
are supplied after being subjected to special cleaning processes by 
the manufacturers, may be used without any elaborate treatment. 

' After drying, lest tubes and flasks are closed with cotton 
■wool plugs. This has been found to be quite efficient in prevent- 
ing the entry of extraneous micro-organisms, commonly present 
in the air, by fiUering-them in flieit meshes. For this purpose, 
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iong-fibre, non-absorbent cotton is generally used; the dis- 
advantages of the absorbent type, especially when used in asso- 
ciation with fluid media, are quite obvious. The plugging should 
be carefully done. Otherwise, it will defeat its own end. No 
creases or folds should be allowed to form between the plug 
and the surface of the glass; for these, if left, will serve as 
channels for the entry of unflitered air. A convenient method 
of plugging is to break a piece of cotton, about 2-3 inches sqvare, 
by catching at the centre with a pair of forceps and gently 
forcing the piece into the mouth of the glassware, leaving some 
portion to project out for handling. The plug should fit firmly, 
just allowing to lift the container by means of the plug, but at the 
same time not so tight as to render its removal difficult. 

After plugging with cotton wool and before use, the con- 
tainers are sterilised. This is best done in the hot air steriliser. 
Exposure to a temperature of 160“ C. for one hour or 180* C. 
for half an hour ensures complete sterilisation. Shorter exposure 
to a higher temperature saves time; but care should be taken 
that the temperature is not raised above 200® C., for cotton plug 
begins to brown beyond this temperature and the burning of the 
grease and other materials derived from the cotton will cause 
staitiing of the glassware. Petri dishes, pipettes and the like are 
wrapped in kraft paper before sterilisation; as a measure against 
subsequent contamination, the paper is kept on until use. 

Culture Media. The food requirements of micro-organisms 
have been dealt with in a previous chapter. These requirements 
are not the same for all bacteria and special media have to be 
provided for highly parasitic species. Nevertheless, there are 
certain basic requirements common for most species and on the 
basis of this certain standard media of general utility have been 
elaborated, for example nutrient broth (bouillon) and nutrient 
agar. In these, all but the most fastidious microbes grow, though 
with varying vigour. 

Meat infusion constitutes the basis of many common media. 

It is a watery extract prepared by macerating lean beef or veal 
in distilled water and leaving the mixture in the ice chest 
overnight. Next morning it is strained through muslin. The 
infusion contains all the soluble constituents of meat, mineral 
salts small amounts of sugar, some nitrogenous muscle extrac- 
tives’ and colouring matter, but is devoid of any protein. Its 
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•value as an ingredient of culture media is undoubted, but its 
exact properties have not been fully studied. Evidently it is not 
sufficiently nutntious by itself and so certain other substances 
have to be added to make up the necessary quality. Peptones, 
split products of protein digestion, are the most important of 
these. The soluble constituents of meat are also available in the 
form of certain commercial preparations called meat extracts, 
e.g. lemco. For general work, a 5~10 per cent, solution of lemco 
may take the place of meat infusion. 

In the early days of bacteriology, fluid media were the only 
ones available, and these, of course, did not lend themselves for 
easy isolation of bacteria in pure culture. The development of 
experimental bacteriology was greatly hampered in those days by 
the severe limitations inherent in fluid culture. This, in its turn, 
acted as a great handicap in the scientific study of bacterial 
species. Koch (1881) was the first to introduce solid media for 
the growth and isolation of bacteria in pure culture. He did 
this by adding gelatin to the fluid media. Gelatin has, however, 
a serious limitation in that it melts at 24° C., making it unsuit* 
able for the optimum growth of many delicate pathogens which 
thrive best at body temperature, 37 -S* C. This difficulty found 
solution by the introduction of agar agar, a sea weed, which 
remains solid well above the tcmperalure of the body. Gelatin 
is also liquefied by certain bacteria, whereas agar, though a 
complex polysaccharide, is not subject to any such action. Thus, 
we have the basal media broth or bouillon, nutrient gelatin and 
nutrient agar, the last two being solid products of the first 
made by the addition of gelatin or agar, as the case may be. 

In order to meet the special demands of some of the 
pathogenic microbes, a variety of other food materials are 
frequently added to the basic media. Serum, blood, glucose, 
glycerol and various growth factors are some of them. Other 
substances commonly employed in the preparation of media are 
egg, potatoes and milk. Quite apart from the enrichment aim, 
■many other substances are often added to media with the objecj 
of bestowing on them a selective or differential property. Such 
media are called selective or differential media. Bile and bile 
salts, alkali, tellurite and certain dyes are some of the selective 
substances used. Blood also subserses the same function in 
addition to being an enrichment agent. 
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Reaction of Media. The correct adjustment of the reaction 
of culture Jwedia is another essential prerequisite for the successfuf 
cultivation of bacteria. Liice all other living things, bacteria are 
very sensitive to variations in the reaction of their surroundings. 
Many of them require a particular narrow range of pH for 
optimum growth and any large deviation from this results m the 
suppression of growth. Small deviations, while not entirely inhibit- 
ing growth, may, nevertheless, cause considerable modification in 
the growth characters of bacteria. The accurate adjustment of the 
pH is, therefore, an important item in media preparation. Most 
of the pathogenic bacteria thrive best in a slightly alhaline medium 
of pH about 7 ‘5 which is the same as that of the body fluids. 

Pbenolpbthalein Method (Eyre’s Method>. This is an old 
method which has been largely discarded in favour of others 
which are far more accurate. Its defect is that it does not take 
into account the presence of several buffer substances, such as 
peptones, proteins, phosphates and others, in considerable quanti- 
ties in the culture media. According to this method the reaction of 
media is expressed in what is called the Eyre’s sMle which indicates 
the number of cubic centinretres of N/J alkali or add required 
to render one litre of the medium exactly neutral to phenol- 
phthaidn. The number is expressed with the positive or negative 
sign prefixed to it to indicate whether the original reaction is acid 
or alkaline. For example, -flO signifies that lOc.c. of N/1 NaOH 
have to be added to a litre of the medium to make it neutral. 

‘hydrogen Ion Concentration Method. This is the most 
accurate method for estimating the reaction of solutions. It may 
be done either by the electrometric or the colorimetric method. 
Either of these may be employed in the adjustment of the 
reaction, or standardisation, of culture media. The potentiometer 
or electrode method, though much simplified of late, is not still 
practicable for general laboratory use. As the colorimetric methods 
are simpler and at the same time sufficiently accurate, they are 
the ones in common use in connection with media preparation. 

The symbol pH is very frequently used to express the reaction 
of solution and a correct idea of its significance is an essential 
piece of knowledge. Pure water undergoes dissociation into 
hydrown and hydroxyl ions (H,0 H-ions -f OH-ions). The 
amount so dissociated is extremely small. The amount of 
hydrogen ions present in pure water is approximately 0 -OOOOOOI 
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gram per litre. A simplified expression of this figure is 1 xlO-’. 
The hydroxyl ions are equal in number to the hydrogen ions. 
The effect of one is neutralised by that of the other and that is 
why pure water is neutral in reaction. That is, the concentration 
of hydroxyl ions in pure water is also 1 x 10"’ which is thus the 
neutral point. The product of the concentration of H-ions and 
that of OH*ions is a constant whose value has been found to be 
1x10-^*. It follows that when the H*ion concentration of a 
solution increases, as when an acid is added, the OH-ion con- 
centration of it decreases and vice versa. A solution with an 
H-ion concentration less than 1 x 10“^ and has, therefore, the 
OH-ion concentration greater than 1x10"’, is alkaline, and one 
with more than 1 X is acid. In an acid solution both H-ions 
and OH-ions are present, but the former arc in excess; an alkaline 
solution also contains both types of ions, only the OH-ions 
predominate over the H-ions. The reaction level, therefore, can 
be expressed in terms of H-ion conwntration or OH-ion concen- 
tration. But It is customary to use the former. The above 
18 a cumbersome mode of expressing the H-ion concentration, and 
in order to simplify it Sorensen introduced an exponential scale 
denoted by the symbol pH, using the logarithm of the reciprocal 
of the hydrogen ion concentration. Thus pH=log 1/tH]. The 
reciprocal of 10”’ is 10’ and log 10’=7. The pH value of pure 
water is therefore 7, Since this is an exponential scale with 10 as 
base, a shift in the pH by one denotes a tenfold change m the 
acidity or alkalinity. Thus, a solution with pH 5 is ten times 
more acid than one with pH 6, and a solution with pH 9 is ten 
times more alkaline than one with pH 8. The neutrality point 
of a solution in terms of pH is 7 ; anything below seven is acid and 
above alkaline. It should be further noted that as pH depends on 
the reciprocal of the H-ion concentration, when the pH decreases 
theH-ionconcentration, or addity, increases and viVe versa. 

l-^uffers. The degree of dissociation occurring in any solution 
is profoundly influenced by the presence of substances called 
buffers. Buffering action is of special importance in the titration 
of media. For, all efficient culture media are buffer .solutions 
and contain certain substances that will allow the introduction 
of relatively large amounts of acid or base without altering the 
original reaction. Buffers are thus substances that possess the 
capacity to resist changes in the acidity or alkalinity in solutions. 
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They have affinity for both H*ions and OH-ions. Excess orcithcr^ 
produced by the addition of acid or alkali; is immediately absorbed 
by the buffers and removed out from the ionised form, preventing 
any increase in their effective concentration. Thus, relatively 
large addition of acid or alkali can be made without producing 
appreciable changes (in pH. SaUs of weak acids, such as 
phosphates, borates, citrates, etc,, behave like buffers; so also 
peptones, proteoses, peptides and amino acids. For example, 
the addition of a few drops of HCd to a litre of distilled water 
immediately changes the reaction from neutral to acid. But the 
addition of the same amount of acid to another litre of water 
in which a few grams of disodium phosphate have been dissolved 
will not produce any appreciable change in the reaction. 

In the colorimetric method certain organic colouring sub- 
stances, called dyes, are used as indicators. These indicator dyes 
ore usually weak organic acids or bases which change in colour 
with a change in the H-ion concentration. This change in colour, 
however, takes place only within a definite pH range which 
varies for each dye and outside this range the dye is useless as 
an indicator. For example, phenol red solution is yellow at 
pH 6 ‘S, pink at pH 7 4 and red at pH 8 '4. Hence, within the 
pH range 6 *8-8 -4 alone is the phenol red useful as an indicator- 
The pH range of certain indicator dyes are given below. 


TABLE n 


The pH Range of Certain Indicator Dyes 


Indicator 
Thymol blue 
Bromphcnol blue 
Bromcresol green 
Methyl red 
Bromcresol purple 
Bromthymol blue 
Phenol red 
Cresol led 
Thymol blue 

Cresolpthalein 
Phenolphthalein 
Thymolphthalein 
B.D.H. “Universal" 


Range of pH 

Colour change 

1 -2- 2 '8 

Red-yellow 

J 0- 4 -6 

Yellow-blue 

3 -8- 5 -4 

Yellow-blue 

4 *4- 64> 

Red-yellow 

5 -2- 6 -8 

Yellow-purple 

Yellow-blue 

6 a- 7 -6 

6 -8- 8-4 

Yefiow-red 

7-2- B-8 

Yellow-red 

8 0- 9 -6 

Yellow-blue 

8*2- 9-8 

Colourless-red 

8 '5-10 *5 

Colourless-red 

9 -3-11) -5 

Colourless-blue 

3*0-U -0 

Red-o ra nge-yello w- 
green-blue-reddish 
vjolet 
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A series of standard solutions are made by mixing varying 
volumes of carefully prepared molecular solutions of an acid 
and its alkali salt so that they shall have definite graded H*ion 
concentrations, and so pH values, which are controlled by the 
electrode method. Usuadly, they ate made with a pH difTercncc 
of 0 *2 between each. The buffer solutions are conveniently made 
by mixing M/15 NajHPO^ and M/15 KHsP 04 in certain propor- 
tions. These mixtures arc then enclosed in tubes in 10 c.c. 
amounts with 10 drops of the indicator solution, sealed and 
labelled. The tubes employed should be of superior quality and 
of uniform size. They should be scrupulously cleaned before 
use. For media work a pH range of 6 8-8 -4 suflices and so the 
indicator used is phenol red in an aqueous solution with a 
concentration of 0 -01 per cent. These tubes constitute a standard 
scale with reference to which media are generally standardised. 
Due to exposure to light the colour of the standard tubes may 
slowly fade in course of lime when fresh tubes have to be 
provided. 

The actual standardisation of media is carried out as follows: 
2 c.c. of the medium are measured out into a thoroughly cleaned 
test tube and diluted with 8 c.c. of neutral distilled water. The 
addition of water docs not materially alter the pH of the medium 
which is a buffer solution, while at the same time it dilutes the 
tint of the medium which interferes with colour matching To 
the diluted medium 0 -5 c.c. of the indicator is added and thoroughly 
mixed. A colour comparison is made against standard tubes. 
Depending upon whether the reaction is acid, at is usually the 
case, or alkaline, N/20 NaOH or N/20 HQ is added drop by 
drop at a time from a burette until the colour agrees with that 
of the standard tube with the desired pH. From the amount 
of the reagent added, say for example, N/20 NaOH, the total 
amount of N/1 NaOH that has to be added to a litre of the 
medium to bring it to the required pH is calculated and the same 
added. 

It is necessary to bear in mind that media accurately standard- 
ised before sterilisation are observed frequently to have changed 
their pH during the process of sterilisation. Meat infusion media 
are especially prone to such changes. A shift to the acid side 
results from hydrolysis of certain constituents during heating. 
Experience would soon teach how to balance it by the addition 
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of an extra amount of NaOH during titration. A final checking 
may also be done with the finished product. 

In the standardisation of ordinary media which have an 
intrinsic cohi/r about them or are turbid the comparator method 



is very helpful In this method the matching is done in a com- 
parator box which consists of a rack to hold two rows of three 
tubes each and having a ground glass at the back to disperse the 
light. In the figure, the extreme tubes in the back row are 
standard pH tubes while the middle one contains distilled water. 
If a pH 7 ‘4 is* required, the standard tubes employed are 7*2 
and 7 - 6 . In each of the extreme tubes of the front row 5 c.c, 
of the medium are placed with no indicator, while the middle one 
contains 5 c.c. of a 0 -01 per cent, phenol red solution. A solu- 
tion of N/20 NaOH is now added drop by drop from a burette 
to the medium-indicator mixture in the front middle tube. The 
volume of the NaOH solution needed to bring the colour to match 
with that of tube 3 in the back row is noted. From this the 
amount of N/1 NaOH that has to be added to a litre of the 
medium to bring it to pH 7 *4 is calculated and added. 

The standardisation of solid media like nutrient agar is more 
difficult than that of fluid media. It may be done in the liquid 
state, but accurate estimation is by no means easy. Agar of 
good quality seldom has any appreciable efl-ect on the pH of the 
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broth with which it is mixed. Hence, only a preliminary titration 
of the broth base may suffice. This will do away with the 
difficulty that may otnerwise arise from colloidal changes that 
may take place between the agar and the indicator if titrated 
after agar is added. However, the finished product can be 
titrated without any serious error being caused in the pH value. 
Cold neutral distilled water is added to melted agar and standard- 
isation is immediately done at a lerapcraturc of 40'’-45'’ C. before 
the mixture has time to jellify. 

Methods of Clearing Media. A common method of clearing 
media is by the agency of the white of egg. This is used for 
media containing no coagulable proteins. The fine particles in 
suspension are enmeshed by the coagulating albumen which is 
later removed by filtration, rendering the medium clear. The 
white of eggs are beaten up thoroughly with a little water and 
added to the medium, one egg per litre. If the medium is hot, 
it has to be cooled to 50®-55'’ C before adding the egg. The 
mixture is then thoroughly shaken and steamed in the Arnold 
steriliser for thirty to forty-five minutes. It is then removed 
and again shaken vigorously so as to thoroughly break up the 
coaguium which has been formed. It is again steamed for 
fifteen minutes and filtered. 

Filtration. Two types of fillers in common use are a spccjal 
type of filter paper, Chardinc filter paper, and absorbent cotton. 
The former is used for the filtration of fluid media. The latter 
is a convenient and simple material for filtering media after 
clearing with egg. A small piece of copper wire-gauze is placed, 
at the bottom of a large glass funnel to prevent the cotton from 
jamming in the neck of the funnel. A suitably-sized square 
piece of cotton wool is split horizontally into two layers and 
their borders well trimmed. The layers are then thrust into the 
funnel, one layer over the other in such a way that the direction 
of the fibres of the one is at right angles to that of the other. 
The cotton is then adjusted against the sides of the funnel, 
if necessary, by running in a thin stream of distilled water. 
The funnel and filter are then wanned and the medium is poured 
slowly into the filter. The first portion of the filtrate may not be 
quite clear and require a second filtration. The filter soon 
becomes more efficient as the coaguium settles down, forming 
part of the filter, and the subsequent yield is clear. Filtration of 
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agar and gelatin is best done in a warm chamber and the fUter 
should be covered with a Petri dish to prevent too rapid cooling. 

Tubing of Media. After filtration, media are distributed into 
test tubes in appropriate quantities, about 6 c.c, for routine use. 
The distribution is effected by employing a large funnel with 
a delivery glass tube of suitable size attached to the funnel by 
means of a piece of rubber tube which is also provided with 
a thumb cock to regulate the flow. The discharging tube should 
be thrust deeply into the lest tube before delivery is effected, so 
that the cotton plug area of the tube wall is not wetted with the 
medium. The tubes are then plugged with cotton wool and 
sterilised. 

Sterilisation of Media. A point that should always be borne 
in mind in connection with the sterilisation of media is that 
a high temperature is injurious to the nutritive qualities of 
media and so exposure to excessive heat should be minimised 
as far as possible. Ordinary media, like nutrient broth and agar, 
are sterilised in the autoclave at fifteen pounds (in excess of the 
ordinary 15 lbs.) pressure for twenty minutes. At this pressure 
water boils approximately at 120® C. No doubt, this ensures 
certain sterilisation, but such a high temperature may also act 
deleteriously on the nutritive qualities of the culture media. 
Hence, it is usual to be satisfied with an exposure for thirty 
minutes at five to ten pounds pressure (about 107^-115*0.). 
Media which will be decomposed by this process, such as sugars, 
should be sterilised by the intermittent method, i.e. exposure 
• to steam at 100° C. for twenty minutes for three consecutive 
days. In all cases where sterilisation is done in live steam, it is 
advisable to cover the cotton wool stopper with kraft paper to 
prevent drenching with steam. Media containing animal proteins, 
which are to be sterilised without coagulation, are sterilised by 
the fractional method at temperatures between 57° and 59° C. 
for one hour for seven or eight successive days. Temperatures 
above 59° C. may cause coagulation. Serum media, after inspis- 
sation, may be sterilised in the autoclave. 

After sterilisation, the tubes with solid media, like agar and 
gelatin, are either kept upright or in a slanting position so as to 
obtain slopes which give larger surfaces. Those stored in the 
upright position are for use as shake or stab cultures or for 
making plates. 
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vXlomposUion of Culture Medifl — Infusion Broth. Fresh lean 
meat, preferably bovine heart,, is fetched from the slaughter 
house, carefully freed from fat and minced very finely with the 
mincing machine. Five hundred grams of it are added to a litre 
of distilled water in a clean covered glass jar. It is allowed to 
infuse overnight in the ijfe chest. The following morning the 
mixture is strained through muslin, squeezing out the residue. 
A bright ted fluid is the product, over which a thin layer of fat 
soon forms. With a piece of filter paper the latter is skimmed 
off as completely as possible. The fluid is then boiled for fifteen 
minutes when it becomes brown in colour and turbid owing to the 
changes in the contained hierooglobin and the coagulation of 
dissolved proteins. It is filtered and the cleat filtrate is made up 
to the original volume with distilled water. This constitutes 
meat infusion; it h a clear, light yellow fluid. 

Owing to the removal of proteins by coagulation, meat infu- 
sion is poor in its nutritive properties. Hence, to improve this 
peptone and sodium chloride arc added. Peptone is a decom- 
position product of proteins. The ordinary commercial peptone 
is really a mixture of proteoses, peptones, polypeptides and 
amino acids. Because of the last ingredient it is admirably 
adapted to serve as a nitrogen source for the growing bacteria. 
Peptone is soluble in water and not coagulable by heat. Thus 
it lends itself as a very convenient foiro for incorporating in 
media. Many types of peptones, suited for special purposes, are 
available in the market. 

\/tS[utrient Broth 

Meal infusion .. . .. . 1,000 c.c. 

Commercial peptone .. .. .. 10 g. . 

Sodium chloride . . . .. .. 5 g. 

These are dissolved by heat and the resulting fluid is filtered 
It is acid in reaction due to the presence of sarcolactic acid 
After adjusting the reaction to the desired level, it is sterilisec 
in the autoclave. The finished product is called infusion broth 
bouillon or nutrient broth. Many of the pathogenic bacient 
grow freely in it. 

Nutrient broth may also be prepared by substituting i 
0-5 — 1 per cent, solution oflemco, a commercial meat extract 
as the base. To this are added peptone and sodium chloride ir 
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the above proportions, completing the preparation as In the case 
of infusion broth. For the growth of the more delicate pathogens, 
however, media made with an infusion broth are superior to meat 
extract medium. 

Broth forms the basis of many media, solid as well as fluid. 
For special purposes, it is enriched with substances like serum, 
blood or glycerol in 5-10 per cent, and glucose in one per cent, 
strength. Thus we have serum broth, glucose broth and so on. 
Besides enhancing the nourishing qualities of media, blood also 
enables the detection of the haemolytic property of bacteria and 
the dilTerentiation of various strains of streptococci. Glycerinated 
media are usually meant for the growth of the tubercle bacillus. 

Hartley’s Broth. This is a digest medium. The principle of 
making digest media is that, instead of adding previously pre- 
pared uncoagulablc, simpler and readily utilisablc nitrogenous 
products like commercial peptone, such substances are made to 
form from native proteins by the action of pepsin or trypsin during 
the preparation of the media itself. 

Ox heart or lean beef, freed from fat and 
minced .. .. •• •• LSOOg. 

Water .. •• -■ 2,500 c.c. 

Mix and heat in a steam steriliser to a tempe- 
rature of . . . . • • • ■ 


Sodium carbonate (anhydrous), 
solution 


0 -8 per cent. 

.. 2,500 C.C. . . 


Cool to 45® C. and add ; 

Pancreatic extract . . . . • • 50 c.c. 

Chloroform . . . • • • • • 50 c.c. 

Incubate the mixture at 37® C, for six hours, stirring 


frequently. 

After digestion is completed, add 40c.c. of pure strong 
hydrochloric acid, steam for 30 minutes and fllter. 

* Adjust the reaction so as to be neutral to phenolphthaleio 
(pH 8 -4) and steam for one hour. 

Filter while hot and allow to cool. 

Adjust the reaction to thedesiied point. 

Distribute in proper containers and sterilise. 

If it is to be stored, filtration after the last steaming is not 
necessary. But add 0-25 per cent, chloroform, shake well and 
preserve in a cool dark place. 
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Hartley’s broth is a very useful medium for general use. 
Tt is also widely used for the production of diphtheria toxin. 

vi^utrienf OcIatJn. Gelatin Is a protein prepared from certain 
animal tissues, such as skin, ligaments and bones. In the dried 
stale it IS sold as sheet gelatin. It is not soluble in cold water 
but readily dissolves in boiling water. 

Gelatin (hoc quality) .. .. 10C-l50g. 

Broth ..... . LOOOc.c. 

The mixture is steamed for 30 minutes to effect solution. 
Its reaction is rendered neutral to phenolphthaJein. The medium 
is then filtered and cleared with egg white as in the preparation 
of agar. It is filtered again and the pH is now adjusted to 7 ‘6. 
The finished product ts sterilised by the fractional method, as 
prolonged heating at 100’ C. or autoclaving will interfere with 
the property of jellyfication. On cooUng gelatin sets into a per- 
fectly transparent jelly. 

As gelatin melts at 24* C., it is not of use m moving solid 
media for growing the pathogenic bacteria which require the 
incubator temperature for optimum growth Hence, it is no 
moffir used for routine work. An important use of gelatin is for 
the study of the gelatin-dtgesung property of bacteria. Ttiis can 
be done by growing the organism at the incubator temperature 
and then cooling the tube down to less than 24® C. This is not 
qujw a satisfactory method. 

Nutrient Agar. Agar>agaris of vegetable origin and is derived 
from certain varieties of seaweeds {Gelidium carncum, Celidium 
cart}}agif;m/m) found m the Chinese, Japanese and Malayan waters. 
It is sold in the market as dry sbreads or fibres and in powder 
form. Both vary considerably in quality and contain many 
impurities. When soaked m water agar swells up into a gelatinous 
mass which on heating melts into a clear fluid. The solidifying 
property of agar depends upon its pectin content. Agar is 
a complex carbohydrate, and, with wry rare exceptions, bactena 
do not attack it. 

Agar melts completely only at 98® C., but when melted it 
remains fluid tilt it is cooled down to 42* C. This property 
enables the ineorpora tion into it of substances, like serum and 
blood, which may coagulate above 60® C. Melted agar is 
perfectly clear and on cooling forms a transparent jelly. 
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Agar fibre _ .. .. .. 20 g. 

Peptone 20 g. 

Sodium chloride .. .. .. 5 g. 

Broth .. .. .. i,0O0c.c. 

These are mixed and steamed for one to two hours to 
dissolve the agar. The mixture is then cleared with egg and 
filtered. Thereafter it is tubed or bottled in bulk as desired 
and sterilised. 

Agar, like broth, may be enriched by the addition of 
substances like glucose, scrum, blood and glycerol. As glucose 
is a reducing substance, glucose agar is often employed as an 
anaerobic medium. 

Peptone Water (Donbam) 

Peptone .. JOg. 

Sodium chloride . . . . . . . . 5 g. 

Water 1,000 c.c. 

The peptone is dissolved in water by heal and the salt is^ 
added. It may be necessary to filter. After distribution into 
suitable containers, sterilisation Is done in the autoclave. 

Its chief uses are for testing the production of indole and 
as a basis for preparing media for fermentation tests.^ Nutrient 
broth, as it may contain small amounts of muscle sugar from 
the meat, is not a suitable basis for preparing fermentation media. 
Any such basic medium should be completely free from any natural 
sugar. Peptone water is also widely used for the primary isolation 
of V. cholera, but when so used its pH is adjusted to 8 *4. 

Sugar Medium. A variety of substances, mostly carbo' 
hydrates, are fermented by dilTcrent bacteria, producing acid 
accompanied or not by gas. The term “sugars” is conveniently, 
though not correctly, employed to include all such fermentable 
substances. Fermentation reaction forms a valuable guide in the 
identification and classification of bacteria. The following are 
the substances commonly employed: 

Monosaccharides 

Pentoses: 

Arabinose 

Xylose 

I^hamnose 
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Hexoses: 

Glucose (dextrose) 

Fructose (lacvulose) 

Mannose 

Galactose 

Disacckarides: 

Saccharose (Sucrose) 

Maltose 

Lactose 

Trehalose 

Trisaechandes: 

Raffinose 

Polysaccharides: 

Starch 

Inub'n 

Dextrin 

Glycogen 

Alcohols 

Trlhydric: 

Glycerol 

Pentahydric: 

Adonitol (adonite) 

Hexahydric: 

Mannitol (mannitel 
Dulcitol (dulcite) 

Sorbitol (sorbite) 

Glucosides: 

» Salicin 
AescuHn 

Non'CarhohydrtJies ' 

Inositol (inositc) 

The fermentable substance is added to the peptone water 
in a concentration of 1 : 100. Usually the sugars arc made up 
separately in 10 per cent, strength in distilled water, sterilised 
by the fractional method and kept ready for use. The amount 
of sugar solution necessary to make up the strength is added 
to the peptone water. In order to show acid production, any 
one of the indicators mentioned below « added, Th® medium 
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is then dispensed in sterile test tubes containing small inverted 
tubes (Durham’s fermentation tubes) which serve to show ps 
production. Thereafter these culture tubes are sterilised in the 
Arnold steriliser for twenty minutes on three consecutive days. 
The air contained in the inverted tube is expelled during steam- 
ing; on cooling no air should remain in the tube. For the 
recognition of different sugar media, cotton wool plugs of 
different colours, or glass beads of different colours introduced 
into the media tubes, are employed. 

Andrade’s Indicator. This is prepared by adding normal 
sodium hydroxide solution to a 0*5 per cent, solution of acid 
fuchsin until the colour just becomes yellow. It is added to 
the medium in 1 per cent, strength. It is colourless at pH 7 *2 
but pink when the reaction is acid. 

Other indicators that may be used are 0 *2 per cent, phenol 
red in the proportion of 2c.c. for lOOc.c. of the medium, 

1 per cent, neutral red in the proportion of 0‘2Sc.c. per cent, 
and litmus solution (Kubel and Tiemann), The last named 
indicator is seldom used now as it is not a delicate detector of 
changes in pH. 

Litmus Milk. This medium is employed as o routine for 
testing the fermentation of lactose and clotting of milk.* On the 
other hand, proteolytic activity is evidenced by the digestion of 
milk, peptonisation and production of alkali. 

Fresh milk is steamed for twenty minutes and allowed to 
stand undisturbed for twenty-four hours so that the cream 
may separate. The fat-free milk is then syphoned off and 
litmus is added just enough to give a fair blue tint. . It is 
dispensed in tubes and sterilised by steaming by the intermittent 
method. 

Buffered Glucose Broth. This is used for methyl red and 


Voges Proskauer tests. 

Peptone ., .. .. .. 5 g. 

Glucose .. .. .. 5g. 

Dipotassium hydrogen phosphate . . . . 5 g. 

Water, distilled • . . . , • • . • 800 c.c. 


They are mixed and dissolved by heating. The mixture is 
cooled, filtered and the volume made up to a litre. It is tubed 
and sterilised by the fractional method for three days, 
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Koser’s Citrate Medium 

Sodium ammonium phosphate . . . . I *5 g. 

Potassium dihydrogen phosphate . . . . I -0 g. 

Magnesium sulphate . . , . , . 0 '2 g. 

Sodium citrate (crystals) .. .. 2*5 g. 

Water, distilled .. .. ,, 1,000 c.c. 


The salts arc dissolved in the water and the mixture is 
dispensed in test tubes and sterilised by autoclaving. 

Inspissated Seflira. Amounts of 5 c.c. of serum are placed 
in sterile test lubes aseplically by means of a sterile pipette. 
They arc then laid in the serum mspissator, inspissated and 
sterilised by raising the temperature slowly to 75“ C. and main- 
taining it for six hours. They ate incubated for a day and the 
contaminated ones discarded. 

Loefllet’s Serum 

Serum .. .. .. 3 parts 

I pet cent, glucose broth .. .. .. 1 part 

The mixture is distributed into sterile test tubes in 5-6 c.c. 
amounts, which are laid in a sloping position in the serum 
inspissator. The temperature is slowly raised to 75“ C. and 
maintained for six hours. The serum coagulates into a white 
jelly with a light yellow tint. After this the tubes are sienltsed 
in the Arnold steriliser for twenty minutes on three consecutive 
days. This is unnecessary if the serum was sterile. 

Loeffler's serum is very satisfactory for the growth of the 
diphtheria bacillus. The characlcnsuc morphological and staining 
features of this organism arc best brought out by growing it in 
this medium. 

The serum may be that of ox, sheep or horse. Blood is 
obtained from Uie abattoir. At the time of slaughter it is 
received from the carotid artery directly into sterile wide mouthed 
bottles which are covered and'brought to the laboratory with the 
minimum shaking possible. After separating the clot from the 
sides of the bottle, they ate left undisturbed m the ice chest. 
The following day the clear scrum is pipetted off with all aseptic 
precautions. Serum, when contaminated, is filtered through 
Seitz filter. The serum is used at once or stored with 0 -25 per 
cent, chloroform. In the latter case the preservative should be 
expelled before use by heating at 45“ C. 
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If what is required is blood, it is received as before into 
sterile wide mouthed bottles containing broken pieces of glass or 
glass beads. The bottle is only half filled; it is then stoppered 
and shaken for about five minutes by which the fibrin is entangled 
in the glass pieces and subsequent clotting is thereby prevented. 
The same procedure is adopted in the laboratory when defibri- 
nated rabbit blood is required. Blood can he easiiy obtained 
from the ear vein or by cardiac puncture. If properly done cardiac 
puncture is more satisfactory and safe fromg the point of view 
of sepsts. From 20-30 c.c. (about 50 c.c. per kilo of body weight) 
of blood may be collected at a time without causing untoward 
effect to the animal. Human blood is collected by simple vein 
puncture. 

Hiss’s Serum Water. This is used for the study of the fermen- 
tation reaction of delicate pathogens, like meningococci, strepto- 
cocci and pneumococci, that will not grow well in ordinary sugar 
media. The production of acid with consequent change of colour 
and solidification of the medium Is evidence of fermentation. 

Serum is mixed with distilled water in the proportion of one 
to three, to which ts added enough Andrade's indicator to give 
a I per cent, concentration. Horse serum may sometimes 
contain traces of sugar and for this reason it is not adwsable 
to use it without testing. Peptone water may be used in place 
of distilled water. The sugars are added to the serum water- 
indicator mixture in the proportion of 1 per cent. The medium 
is then distributed into test tubes and sterilised by the fractional 
method. 

vSerum Agar. Nutrient agar (2 per cent.) is melted and 
allowed to cool to 4y-J0'’ C With a sterile pipette enough serum 
to make a 6-10 per cent, strength is added to each tube and 
thoroughly mixed by rotating rapidly between hands. The tubes 
arc then laid in the sloping position and allowed to set. They 
may also be poured into sterile Petri dishes for plate cultures. 
After setting they are incubated for a day and the contaminated 
ones are discarded. 

In an emergency serum-smeared agar may be used in place 
of serum agar. It is made by running over the surface of an 
agar slope a few drops of sterile serum and spreading it there. 

Hydrocele or ascitic fluid, ascptlcally drawn, may be used 
instead of scrum. They must have been tested for sterility. 
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For their storage 0*25 per cent, chloroform may be added as in 
the case of serum. 

' "Tilood Agar. This is prepared just as serum agar but substi- 
tuting dcfibrinated blood for scrum. It is tubed or plated 
as desired. Blood-smeared agar, made like serum-smeared agar, 
may be used to meet an emergency. Rabbit blood agar is 
a convenient and very satisfactory medium for general use. It 
is particularly valuable in the study and dilTcrentiation of certain 
haemolytic bacteria like the streptococcus and the pneumococcus. 

^ Chocolate Agar (Boiled Blood Agar). Two per cent, digest 
agar is melted and cooled down to 60^ C. Defibrinatcd rabbit 
blood IS added to it in a concentration of 10 per cent. The 
tube is then immersed in boiling water for one minute and 
sloped or poured into Petri dish. Heat disintegrates ibe 
erythrocytes and converts the haemoglobin into hacmatin. This 
renders the medium excellent for the cultivation of certain 
fastidious pathogens like H. influenza. 

Dorset’s Egg Medium. This is used for the cultivation of 
the tubercle bacillus. Four fresh eggs are thoroughly washed 
with soap and water, dried and placed for a few minutes in 
spirit. Their contents are then well beaten up and mixed with 
25 c.c. of distilled water. The mixture may be strained through 
sterile muslin in order to remove air bubbles. It is then distri- 
buted in quantities of 5-6 c.c. in sterile test lubes and inspissated 
in a sloped position at 75* C. After this the tubes are steamed 
for twenty minutes on three successive days. They are incubated 
for twenty-four hours and the contaminated ones discarded. 

Glycerol Egg Medium. This is prepared as above, but with 
the addition of 5-6 per cent, of glycerol to the egg mixture. 
The human type may grow more luxuriantly in this medium. 

Lowensteia Jensen Medium. This is also devised for growing 
the tubercle bacillus. 


Mineral Salts Solution 


Potassium dihydrogen phosphate (KHjPO*) . . 

0 *40 g. 

Magnesium sulphate 



0-04 g. 

Magnesium citrate 



0-10 g. 

Asparagin . . • 



0 ‘60 g. 

Glycerol . . 



2*0 c.c. 

DisUUed water . . 



98*0 c.c. 
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Dissolve the inBrcdieiits by heat and then steam for two 
hours. 

Starch Solution. Potato starch is added in the proportion of 
30 grams to every 600 c.c. of (he salt solution and thoroughly 
mixed. The mixture is healed in a water bath with constant 
stirring for 15-20 minutes. The paste so formed is allowed to 
remain in the water bath at 56” C. for one hour. 

Eqg Fluid. Fresh eggs arc thoroughly washed in 5 per cent 
soft soap solution and then placed in running water for sometime. 
Twenty eggs arc usually sullicient for one litre of egg fluid. The 
eggs are broken into a sterile vessel, thoroughly mixed for about 
ten minutes and filtered through sterile gauxe. One litre of it is 
added to 600 c.c. of starch^salt solution. 

Malachite Green Solutton. A 2 per cent, aqueous solution 
of malachite grecn is prepared. 20c.c. of it are added to every 
1,600 c.c. of the above mixture and thoroughly mixed. 

The medium is now distributed in 5 c.c. volumes in test tubes 
or one ounce screw-capped bottles which arc laid sloping in the 
inspissator and heated at ?5*C. for thirty minutes. They are 
left in the inspissator overnight and are again heated the follow- 
ing day at 15^ C. for thirty minutes. 

The medium is rich green in colour. In rirtue of the mala- 
chite green it acts as a selective mcdium» inhibiting the growth 
of the associated organisms, while at the same time enabling 
the unhampered or even improved growih of the tubercle bariUus. 
Usually before seeding, materials such as sputum and faeces are put 
through a preliminary' treatment with 4 per cent, sodium hydroxide. 

Potato Med/tuif. Large potatoes are washed, peeled and 
again thoroughly cleaned. With a potato borer cylinders of 
potato, three-fourth inch diameter, ate cut out and washed in 
running water to remove excess of starch. Each is (hen cut 
obliquely into two symmetrical halves, each of which is placed 
in a sterile lest tube with the thick end resting at the bottom. 
Instead of ordinary tubes, potato tubes (Ehrlich’.s or Roux’s) 
with a constriction a short distance from the bottom may be 
used ; the portion below the constriction is to hold some water or 
broth which will serve to retard the drying of the potato. The 
tvibes arc filled with sterile water and. steamed for thirty minutes. 
The water is then drained off and the tubes are sterilised as usual 
in the autoclave. 
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Glycerol potato is made as above, but using 5-6 per cent, 
glycerol instead of water. It is sometimes used for growing the 
tubercle bacillus. 

Robertson’s Medium. This is a convenient and satisfactory 
medium for the cultivation of anaerobes. 

Fresh bovine heart is minced and placed in N/20 caustic 
soda, 500 grams to 500 c.c., and allowed to simmer for twenty 
minutes. By this the lactic acid is neutralised and the fluid 
Comes to show a pH of about 7 -5. The fluid is drained off and 
the meat pieces are partially dned by being spread on a filter 
paper or cloth. The meat is then introduced into sterile test tubes 
sufficient to occupy a depth of about 5 centimetres and infusion 
broth or Hartley's broth (pH 7-5) is added in quantities sufficient 
to cover the meat and occupy an extra depth of a couple of 
centimetres. Tne tubes arc then sterilised by autoclaving. Some 
workers add also a vaseline seal, but this is not necessary. Others 
regard it advantageous to keep the medium before use in boiling 
water for half an hour to drive off any dissovled oxygen. 

Several selective or differential media, both fluid and solid, 
have been elaborated for the isolation and study of the intestinal 
group of organisms. » Their great value, especially in deaUng 
With materials like faeces, is obvious. 

MacConkey’s Medium 

Peptone .. 20 g. 

Sodium taurocholate (commercial) . . . . 5 g. 

Water .. .. .. .. 1,000 c.c. 

The peptone is dissolved by heat. To the resulting Quid 
20-25 grams of agar are added and dissolved in the steamer. The 
medium is cleared with egg white and filtered. Freshly prepared 
1 per cent, aqueous solution of neutral red is added to it just 
enough (about 0-6 per cent.) to impart a distinct reddish brown 
colour to the medium. A rose pink colour on the addition of 
neutral red indicates an acid reaction; It should be corrected by add- 
ing caustic soda solution until the colour becomes reddish brown. 
A more accurate method is to adjust the medium previously to pH 
,7 -6. Finally 1 per cent. lactose is added and the finished product 
is distributed m stoppered bottles or flasks in 100c.c.^quantities 
and sterilised by the intermittent method. When necessary, the 
medium is melted, poured in stenie plates and allowed to set. 
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MacConkcy's medium is a very useful one for Ihe isohtioD 
of the intestinal pathogens. In virtue of the lactose and the 
indicator present in it, the lactose fermenters are diffcrenliated 
from ‘the non-Iactose-fcrmcnlcrs: the former, like Sact. coli, 
grow on it in pink colonies, whereas the latter, like Bact. 
typhosum^ produce white or colourless colonics. Another advantage 
is that the bile salt inhibits most of the saprophytic species that 
may be present in the specimen. 

D.E.C. Medium. This is a selective medium for the isolation 
of dysentery, enteric and cholera bacilli. It is a modification of 
Difeo S S agar recently prepared by the Difeo Laboratoriesfor 
the isolation of dysentery bacilli (/nJ. Med. Gazette, 1943, 78, 43). 

Lemco . . . . , . . , 0 *50 g. 

Peptone .. .. .. ..0-50$. 

Sodium taurocholate .. .. .. 0'85g. 

Sodium citrate .. .. .. .. 0'80g. 

Sodium thiosulphate .. .. 0'85g. 

Sodium phosphate .. .. .. 0*75g. 

Ferric citrate . . . . . . . . 0 *30 g. . 

Lactose . . . . . . . . 1 *25 g. 

Agar .. .. .. .. 2'50g. 

Neutral red, 0 -25 per cent, aqueous solution . . 1-50 c,c. 

Water 100 c.c. 

A stock sterilised mwture of lemco, peptone, bile salts and 
plain agar at pH 7 0 is prepared and kept ready. To 100 c.c. 
of this mixture are added the other ingredients in the requisite 
quantities. The pH is adjusted to 7 -4 and the medium is then 
sterilised by boiling for two minutes. It is now ready for pouring 
into plates. The medium is very clear and retains its usefulness 
for about a week after it is prepared and poured into plates. 

Wilson and Blair’s Bismuth Sulphite Medium 

Nutrient agar, 3 per cent. . . . . .. 100 c.c. 

Stock bismuth sulphite-phospbate-glucose mix- 
ture . . • • • • . . 20 c.c. 

Iron-dtrate-brilliant green solution.. .. 4 *5 c.c. 

The stock bismuth sulphiie-phosphate-glucose mixture is 
prepared as follows-' 30 grams of bismuth-anmonia-citrate scales 
are dissolved in 250 c.c. of boiling distilled watery JOO grams 
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of anhydrous sodium sulphite are dissolved by boiling in 500 c.c. 
of distilled water. The two solutions are mixed and while the 
mixture is boiling 100 grants of sodium phosphate crystals 
(NajHPOi, 12HsO)are added. After cooling, 250 c.c. of a 20 per 
cent, glucose solution in distilled water are added. This mixture 
will keep for months. 

The iron-citrate-brilliant green solution is made by mixing 
200 c.c. of a I per cent, solution of feme citrate scales in 
distilled water with 25 c.c. of a I per cent, solution of brilliant 
green in distilled water. This mixture also will keep for months. 

This medium is used for the isolation of the enteric group of 
organisms. They reduce the sulphite to sulphide in the presence 
of glucose, giving a black colour to their colonies. The colon 
bacilli arc inhibited by the brilliant green and by bismuth 
sulphite in the presence of an excess of sodium sulphite. 

Dieudonne’s Medium. This is an alkaline blood agar medium 
employed for the isolation of V. cholera. 

Equal parts of dehbrinaied ox blood and normal caustic 
soda solution are mixed and heated in the Arnold steriliser for 
30 minutes. Three parts of this mixture are added to seven 
parts of 3 per cent, agar and thoroughly mixed. The medium is 
then plated and kept in the incubator overnight half open. 
After this the medium is ready for use. The finished product 
has a pH of 9 *0-9 6. This high alkalinity gives the selective 
property to the medium. 

Aronson’s Medium. This is another selective medium for the 
isolation of V. cholera. They grow in large red colonies in 15-20 
hours. The high alkalinity of the medium inhibits the growth 
of other organisms and the sugars give the dilferentiating value. 


Water .. .. .. .. 1,000 c.c. 

Agar . . . . . . . . 55 g. 

Meat extract .. .. .. .. 10 g. 

peptone .. .. .. .. 10 g. 

NaCl 5 g. 

NajCOg (10 per cent.) .. .. .. 60c.c. 

Sucrose (20 per cent.) . . . . . . 50 c.c. 

Glucose (20 per cent.) .. .. .. 50 c.c. 

Basic fuchsin (saturated) . . . . . . 4 c.c. 

Sodium sulphite (10 percent.) .. .. 20c.c. 
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The agar is added to the water and soaked overnight. The 
meat extract, peptone and sodium chloride are now added and 
the mixture is heated in the steam steriliser for four to five 
hours.^ It is allowed to stand for some time and the supernatant 
fluid is distributed into suitable Erlenmeycr flasks in 100 c.e. 
quantities. The other ingredients, except sodium sulphite, are 
separateiy made and sterilised in (he Arnold steriliser for thirty 
minutes. The sodium sulphite solution is sterilised by boiling 
several limes. To 100 c.c. of the agar mixture arc added rix c.c. 
of the 10 per cent, sodium carbonate and the mixture is heated 
for 15 minutes at 100’ C. While hot, the following are added: 
5 c.c. of the sucrose solution, 5 c.c. of the glucose solution^ 
0-4 C.C. of the fuchsin solution and 2 c.c. of the sodium sulphite 
solution. The mixture is allowed to stand to permit the coarser 
particles to settle. Plates arc poured with the clear supernatant 
fluid. They arc allowed to set and then dried in the incubator. 
They are transparent and yclloivish brown in colour. 

McLeod’s Medium. This is a selective medium for the 
isolation of the diphtheria bacillus. This organism resists the 
action of potassium tclluriteand produces greyish colonies in its 
presence, whereas most other contaminating organisms ore 
suppressed. On the basis of this several selective media have been 
devised. These media also enable the typing of C. diphiheria 
(sec Chapter XXVil). 

Infusion broth is prepared, the sienlisation being done by 
filtration and not by healing. Equal pafts of this broth and melted 
5 per cent, agar in water are mixed. To the mixture is added 
7-io per cent, freshly drawn defibrinafed rabbit blood and 
0 ’04 per cent, of potassium tellurite. They are thoroughly mixed 
and heated at 75® C, for 10-15 minutes and poured into sterile 
petri dishes. 

Bordet-Gengou Medium. This is specially designed for grow- 
ing the pertussis bacillus. 

100 grams of sliced potato are added to 200 c.c. of 4 per 
cent, aqueous glycerine. The mixture is steamed for 30 minutes 
and strained through gauze. The reaction is adjusted to pH 7 ’0. 

Next a 3 per cent, agar in this potato extract is made. To one 
part of this potato extract are added three parts of 0 *6 per cent, 
saline and enough agar to make up a 3 per ceni. strength. The 
mixture is shaken thoroughly, steamed for 30 minutes and filtered. 
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The potato agar is dispensed in test tubes in 2-3 c.c. quanti- 
ties and sterilised by steaming. The tubes arc cooled down to 
55® C. and an equal volume of defibrinated blood, warmed to 
about 40® C., is added. They ate mixed thoroughly and sloped 
in tubes or plates. 

Liver Extract Agar. This is used for the cultivation of 
Brucella organisms. Fresh ox liver is finely minced and mixed 
with 500 c.c. of water; it is steamed for hours and filtered 
through wire gauze or coarse linen. The original volume js made 
up with distilled water. 


Liver infusion .. 500 c.c. 

Agar .. .. .. .. 30 g. 

Peptone .. .. .. 10 g. 

Sodium chloride . . . . . . . , 5 g. 

Water ., ,. .. .. 500c.c. 


The ingredients are dissolved by heal. The pH is adjusted 
to 7 '0. The medium is then filtered and stenlised in the 
autoclave. The .addition of gentian violet in a concentration of 
I; 200,000 will give a selective quality to the medium and 
facilitate the isolation by inhibiting other organisms that are 
likely to be present. 

Smith-Noguchi Medium. This medium is designed for the 
^r^wth of the pathogenic spirochactes which are strictly anaerobic. 
Stenle' ascitic fluid introduced into long narrow test tubes each 
with 3 piece of fresh animal tissue, preferably rabbit kidney, con- 
stitutes the medium. The column of fluid is shut off from the 
outside air by means of a sterile vaseline seal. The long column 
of fluid, the reducing action of the animal tissue and the vaseline 
seal all contribute to the creation of a rigid anaerobic condition, 
particularly in the lowermost layers of the medium. 

The ascitic fluid should he clear, free from bile and of high 
specific gravity. Both filtration and sterilisation by heat impair 
its quality, rendering it unsuitable for the purpose. The tissue 
should be as fresh as possible. In virtue of Us catalase content, 
it destroys any hydrogen peroxide that might be formed by the 
growing organism and be inimical to its growth. 

All manipulations should bC done with severe aseptic care, 
A healthy rabbit is bled to death. The kidneys arc removed and 
cut up'cnch into 8-l0 pieces. Each piece is introduced into 
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a sterile test tube measuring S XO -5 inch. By means of a sterile 
50c.c. bulb pipette the tubes are half filled with sterile ascitic 
fluid. Sterile melted vaseline is then run over the medium to 
a depth of about an inch. The tubes are incubated for forty- 
eight hours and the contaminated ones are discarded, inie medium 
win keep for long. 

Btfore inoculating ^he vaseline is melted. The inoculum is 
then introduced to the bottom of the tube by means of a long 
sterile capillary pipette provided with a rubber teat. Growth 
occurs in about four to ten days and is indicated by a turbidity 
at the bottom of the tube. Material for examination is removed 
with a sterile capillary pipette. 

Media for the Cultivation of Tepto^ira. Several media have 
been introduced for this purpose. 


Noguchrs Medium 


Rabbit serum 

2 parts 

Ringer’s solution 

.. 6 parts 

Rabbit plasma, citrated . . 

.. I part 

Agar, 2 per cent, (neutral) 

. . I pari 


The agar is melted and cooled down to CO* C. and added to 
the other ingredients. The tubes are rotated well to ensure unifonn 
mixing. A sterile vaseline seal is provided for each lube. 


Schuflher’s Medium 

Peptone . . . . . - . . 1 *5 g. 

Ringer’s solution . . . . . . 300 c.c. 

Sorensen’s solution .. .• 150 c.c. 

Water 1,500 c.c. 

Sorensen’s solution is made by mixing 72 c.c, of M/15 
NajHPO* and 28 c.c, of M/15 KHjPO*. The peptone is dissolved 
in water and boiled. All the other ingredients are then added 
and the mixture is again boiled until the phosphates have pred* 
plated. The product is cooled, filtered, distributed in sterile 
test tubes in 3 c.c. quantities and autoclaved. To each tube is 
added 0 *3 c.c. of fresh guinea-pig serum which has been sterilised 
by filtration. They are then heated at 56* C. for 30 minutes and 
tested for sterility by a day’s incubation. 

Lead Acetate Agar. This is used for the detec^p pl hydrogen 
sulphide produced by certain bacteria. r - 



THE PREPARATION OF CULTURE MEDIA 111 


Nutrient agar . . . . . . . . 200 c.c. 

Basic lead acetate, 10 per cent, aqueous solu- 
tion . . . . . . . . I c.c. 

The lead acetate solution is sterilised and added to the agat 
which has been meUed and cooled down to 45®-50'' C. The final 
strength of the salt is 0 *05 per cent. The medium is distributed 
in sterile test tubes and allowed to solidify. 



CHAPTER VI 

CULTURE AND IDENTIHCATtON OF MICRO-ORGANISMS 


^ The microscopic study of the organisms present in a patho- 
logical material constitutes the 6rsi step in the identification of 
the offending organism. Their form, size, arrangement, motility 
and possession or otherwise of spore and capsule should all be 
carefully examined. It may be pointed out that in many cases, 
for instance pus or sputum, (he determination of motility of the 
organism in the primary specimen does not carry much weight 
and is not therefore pmcnsed as a routine step. A knowledge of 
the staining property of bacteria, with particular reference to 
Gram and acid-fast stains, also provides valuable diagnostic data* 
But these by themselves arc seldom adequate to establish the 
identity of an organism. Trustworthy differences in morphology 
between the several species of the same genus and sometimes 
even between members of different genera arc often lacking. 
For example, differentiation between the Shiga and Flexncr 
bacilli, (he haemolytic an^ viridans streptococci or between the 
Proteus and the SalmoneUa organisms is not possible on grounds 
of morphology and staining reactions vnlone. ft is onfy by 
a multiplicity of evidence derived from a study of the morpho- 
logical and staining characters, biochemical properties, immuno- 
logical reactions and pathogenicity tests can a correct diagnosis 
of an organism be made and its causal relation to disease 
proved. For this it is essential to obtain the suspected organism 
in pure culture. The next step after microscopy, therefore, is to 
seed the pathological product on appropriate culture media, 
incubate these under suitable temperature and other requisite 
environmental conditions and proceed to the isolation, or sepa- 
ration from one another, of the contained organisms. 

Often there may be more than one pathogenic species in 
the same lesion, for instance bronchopneumonia, boils and gas 
gangrene. In specimens such as molion, sputum, throat swab 
and the Uke, in addition to the causative organism or organisms, 
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several types of saprophytes, native to the situation, arc 'also 
present. We are confronted with the same difficulty in the examW 
nation of substances like milk and water. The necessity for 
separating these organisms in umple pure cultures is, therefore, 
quite obvious. 



Fio 6. Outfits for Collecting SiKciniens 1, Sterile Test Tube ; 
2, Outfit for Collecting Faeces ; 3, 4, Throat Swabs ; 5, West Swab ; 

6, Sputum Bottle ; 7, Behring Venule for Collecting Blood ; 8, Ampoule; 
9, Wright’s Capsule for Collecung Blood. 

The process of inseminating bacteria in culture media, either 
from pathological materials or from another culture, is termed 
inoculalion. A culture grown directly from a pathological product 
is called a primary culture; cultures made from this are referred 
to as subcultures. Inoculation is done by means of a platinum 
wire mounted usually on a glass rod which serves as a 
handle. The wire, should be about eight centimetres long and 
neither too thin nor too thick. The free end is given any shape 
so ns to meet different requirements. Commonly, it is bent in 
5 
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the form of a completely closed loop which is well fitted for the 
transfer of fluid cultures and for streaking on solid , media. 
A convenient way of making it is by moulding the wire round 
a thin glass rod. For making stab cultures the free end is left 
as it is, a pointer or needle. Stouter wires may be beaten out into 
spatula shape for spreading or lancet head for removing sticky 
materials like sputum (see Fig. 7). 



I • 2 3 4 s e 


Fk}. 7. I, Graduated Pipelie ; 2, Pasteur Pipette ; 3-4. Various 

Forms of Platinmn Needle. 

The culture tubes are held in a slanting position between 
the thumb and the fingers of the left hand. The cotton plugs 
are removed by grasping between the little finger and palm of 
the right hand. It is done with a slight twisting movement in 
order to break any possible adhesions between cotton, and glass. 
On no account should the removed plug be placed on the 
bench, as such a procedure is certain to carry contamination 
into the tube. The platinum wire is held in the right hand. It 
is heated red hot, i.e. sterilised on a naked flame. A portion 
of the handle near the lUQURt also should be sterilised, The 
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sterilised loop is immediately introduced into the culture tube 
where it is held for a few seconds to allow it to cool. This is very 
important, as otherwise the hot wire may kill bacteria. Allowing 
the loop to touch the inside wall or the top end of the medium 
hastens cooling. By gentle touch on the growth sufficient material 
is removed. The wire is then withdrawn without touching the 
sides of the tube. If it is a pathological product, the amount 
of material to be transferred is a matter of judgment based on 
a previous knowledge of the probable bacterial density in the 
material. The charged wire is then introduced into the fresh 
culture tube, down to the very bottom if it is a slope, and by 
gentle side to side strokes it is worked up the slope. Thus the 
inoculum is deposited on the medium in decreasing quantities 
towards the upper end. If it is a fluid medium, the wire is 
immersed in it and gently shaken or rubbed against the wall. 
A stab culture is made by plugging the needle right down into the 
medium. After inoculation the wire is withdrawn and immedi* 
ately sterilised in the flame. 

It is of the utmost importance that during the whole process 
of inoculation strict aseptic care should be exercised. The 
slanting position of the culture tube during inoculation prevents 
any direct deposit on the medium of spores or vegetative forms 
from the air. By this position the mouth of the test tube is also 
kept out of the way of the worker's expired air. Additional 
precautions are takan by burning the lips of the culture tubes 
before and after inoculation and by singeing the plug and 
putting out the flame with the hand. 

The proper labelling and dating of the culture tubes are of 
supreme importance. The media after inoculation should not be 
left on the table but put at once in the incubator. 

^ Isolation of I^e Cultures. Fluid media are obviously unsuit- 
able for the isolation of organisms. Cultivated in such a medium, 
the different types of organisms that may be present in any 
material under investigation will grow as a mixed population. 
Another disadvantage is that the hardy and vigorous species will 
outgrow the more delicate ones which are thus lost. The produc- 
tion of pure cultures depends upon the sowing of single cells 
in culture media. The early bacteriologists sought to accomplish 
this by dilution. They made serial dilutions of the mixed culture 
with sterile water or saline till at last a small portion of it was 
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taken to contain a single bacterium. From this, portions were 
subcultured in the hope that in some cases, at least, a single 
cell was contained in the inoculum. Obviously, the success of 
this method depends upon chance and so no reliance can be placed 
on it. The position w«as radically changed by the introduction of 
solid media. On this any material can be sown in such a way that 
the contained micro-organisms are scattered about as isolated in- 
dividuals without any possibility of subsequent mixing. Each indi- 
vidual cell will multiply in course of time (eighteen to twenty- 
four hours) into aggregates of cells, all progeny of a single parent 
cell, called cohities. They are readily visible to the naked eye 
or by means of a low power hand lens. Subcultured from such 
isolated colonies pure cultures arc obtained. The use of solid 
media, therefore, provides a convenient means for the isolaUon 
of pure cultures. Needless lo say that all the media and 
materials employed for the purpose should be sterile and 
all manipulations should be carried out with great asepd^^ 
care. 

Several methods using solid media have been evolved for 
the cultivation and isolation of micro-organisms in pure cultures* 
Plating is the commonest and most convenient one. Petri dishes 
are used for this. Theyconsist offlat, round, shaJIowglassvessels 
fitted with slightly larger cover dishes. The medium is contained 
in a thin layer in the bottom dish, which provides a large surface. 
Plating is done in two ways, "nje culture material, any pafht>* 
logical specimen or mixed culture, is spread on the surface of the 
medium by means of a stenie bent glass rod, spatula or plalioura 
\oop—streak plate or surface plate. The spreading is done as 
uniformly and thinly as possible so that the organisms are sown 
well apart and, when they multiply^ will produce discrete colonies. 
If the material contains numerous bacteria, a second plate and 
even a third may be successively inoculated with the same loop 
without recharging. In making surface plates an important 
practical point to bear in nwnd is that the plates should be dry. 
If Ibc surface is wet, organisms, especially the motile ones, are 
likely to form confluent colonies, thus rendering their isolation 
impossible. In the other method, the specimen is mixed as evenly 
as possible in the melted medium contained in a test tube at 
45°-50“ C. and the mixture is poi*red into sterile plates and allowed 
congeal, Tfaisi? called Xh^ 'pour plffte method. If the bacteHal 
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content of the material is high, two or three serial dilutions with 
sterile saline or broth should be made for plating. In pouring 
plate care should be taken not to remove the lid and expose 
the bottom plate. The lid is raised at one part just enough to 
introduce the mouth of the test tube, which is previously sterilised 
by heat. The pour plate less satisfactory than the surface plate 
as it involves digging of the medium for fishing out colonies. 
The inoculated plates arc incubated in the inverted position so that 
the water of condensation may not wet the surface of the 
medium. Macroscopic colonies grow in eighteen to twenty-four 
hours. By means of a platinum pointer organisms from individual 
colonies arc then carefully transferred separately into fresh media. 
This process is sometimes termed Jishin? of colonies. By this 
procedure pure cultures are obtained. Sometimes the whole 
process will have to be repeated with the resulting subculture 
in order to ensure rigid purity. 

The isolation of organisms may also be accomplished by 
what is known as the shake culture. This is done in test tubes. 
A fairly large column of solid medium, generally glucose agar, 
is melted, a small quantity of the specimen is mixed well with 
it and then allowed to set in a vertical position. The tube is then 
incubated. The bacterial cells that would have been distributed 
apart during inoculation grow m discrete colonies in the body 
of the medium. The glucose functions as a reducing agent. The 
oxygen tension of the surface layers of such a culture medium 
is more or less the same as that of the atmosphere, while at the 
bottom the conditions are quite anaerobic. This is, therefore^ 
a simple and fairly reliable method for the isolation of anaerobic 
bacteria. A preliminary process in the isolation of anaerobes 
is the killing of all vegetative forms by healing the specimen 
at 80” C. for ten to fifteen minutes, which leaves the spores 
unaffected. This procedure is helpful in the isolation of the sporu- 
lating anaerobes from other bacteria. 

Incubation and Incubators. The growing bacteria should be 
provided with a temperature favourable for their development. 
The inoculated media arc therefore placed in an incubator which 
maintains continuously the requisite temperature. Most of the 
parasitic bacteria thrive best at 37 *5” C. Lower or higher 
temperatures are at times necessary. Suitable incubators have 
been constructed for, providing such temperatures, 
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The incubator is a watcr-jaclceted copper chamber encased 
in an insulating outer jacket and mounted on suitable stands, 
The temperature is controHcd fay a thernio-regulating capsule 
integrated into the wall of the chamber. Hie incubator is 
heated by oil lamp, gas or electricity. Incubators of various 
sizes are available. In large laboratories heat-regulated rooms 
with sections having graded temperatures may be provided. ' 

Selective Bactericidal Substances. It has been mentioned 
previously that difTereiit species of bacteria show different degrees 
of resistance to the action of chemicals. Advantage is taken of 
this observation and certain bactericidal substances are employed 
in the isolation of organisms. Specimens are directly treated by 
them in appropriate dilutions for a definite time when the species 
that arc not resistant arc killed, leaving the resistant ones intact. 
Anttformin is a good example; it is used in the isolation of the 
tubercle bacillus from sputum which invariably contains several 
other organisms. Another chemical employed for the same 
purpose Is sulphuric acid in 15 per cent, concentration. 

Selective and DifTereatial Media. For special purposes 
appropriate germicidal or bacteriostatic substances are incorpo* 
rated in the culture media in which they exert a selective action 
on bacterial growth, favouring certain species and suppressing 
others. Bile salts, potassium tellurite and certain aniline dyes 
are in common use. If the inhibiting substance is added to 
a fluid medium the special organism, which is resistant to it, 
overgrows at the expense of the sensitive bacteria and its relative 
proportion to others now Is far greater than in the original 
material. There is thus an enrichment effect. Such a fluid medium 
is called an enrichment medium. If, on the other band, the 
substance is incorporated in a solid medium it acts selectively, 
favouring the development of a large number of colonies of the 
desired organisms than would otherwise have been possible and 
suppressing that of the unwanted ones. Such a solid medium 
is called a selective medium. Brilliant green, added to broth 
in a concentration of 1 in 150,000, suppresses the growth of ibe 
lactosc'fermcnting organisms and is used in the isolation of the 
typhoid and Salmonella organisms from stools. Bile salts inhibit 
the growth of intestinal saproplortes and are used in 0-5 per 
cent, concentration in the prepavation of MacConkey’s medium. 
Some of the selective media designed for the cultivation of the 
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tubercle bacillus contain certain inhibitory substances, e.g- crystal 
violet in a concentration of 1 in 10,000, which suppress the 
growth of associated organisms without interfering with that of 
the tubercle bacillus. Potassium tellurite is another useful 
substance and is employed for the isolation of the diphtheria 
bacillus. It prevents the growth of practically all other organisms 
found in association in throat swabs from diphtheria cases. 

Certain other substances are helpful in the isolation of organ- 
isms not by inhibiting the growth of any group of organisms but 
by indicating the growth in some particular differentiating fashion. 
The addition of an indicator to a solid medium acts in this way. 
The presence of a fermentable sugar together with an indicator, 
such as litmus or neutral red, in a medium will give a red colour 
to the colonies of those organisms that ferment the sugar. For 
example, on MacConkey’s medium, which contains the ferment- 
able sugar lactose and the neutral red indicator, the coH group 
of organisms will grow in pink colonies due to the production 
of acid and consequent change in the colour of the indicator, 
while the non-Iactose-fermenters, such as the dysentery, enteric 
or Salmonella group, will grow as colourless colonies. Blood 
also functions as a useful indicator. Some of the organisms 
do not lyse it, while others do so either partially or completely. 
The non-Iysers do not present any change in the media. Those 
that partially lyse show a greenish discoloration of the medium 
immediately about the colonics; those that cause complete lysis 
leave a clear colourless ring. The diphtheria bacillus reduces 
tellurite and its colonies are coloured black on a tellurite plate, 
whereas most of the co-cxisting organisms are either inhibited 
or, if grown, not coloured. 

Animal Inoculation. Another method of isolating organisms 
is by the inoculation of the material into suitable animals. An 
important application of this method is in the isolation of the 
tubercle bacillus from tuberculous material containing in addition 
contaminating organisms. These latter are killed in the animal 
body, whereas the tubercle bacilli produce the disease and can 
be recovered from the lesions in pure culture. Another instance 
is the recovery of a pure culture of pneumococcus from sputum 
by the mouse inoculation method. 

Single Cell Methods. Methods have been devised to grow 
pure Culture of bacteria from single cells. The mixed or impure 
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discrete colonies from the medium are picked out and subcul- 
tured. Anaerobes that produce gas will disrupt the medium; 
this is a handicap. Glucose broth in deep columns contained 
in long tubes can also be used for anaerobic cultivation. The 
glucose broth tube is immersed in boiling water for five minutes 
to expel all the dissolved oxygen. Sterile melted vaseline or 
paraffin is then layered on the surface for a depth of about half 
to one inch and the tube is immediately cooled, 'nu's prevents 
the diffusion of oxygen into the medium. Before use the vaseline 
is melted and the medium inoculated by means of a sterile 
capillary pipette introduced through the vaseline. This procedure 
is unsuitable for the growth of gas-forming anaerobes as the 
vaseline seal will be blown off by the gas. 

Another method of removing oxygen from the gaseous 
environment of a culture is by employing a mixture of pyrogallic 
acid and causiic soda or caustic potash. This mixture readily 
absorbs o.xygen. It is very essentia! that the mixing of these 
substances should be elTectcd only after enclosing the air surround- 
ing the culture; or at least immediately after mixing, the air 
should be confined. Diverse pieces of apparatus, both for plate 
and tube cultures, have been designed employing this process of 
anaerobiosis : McCleod's apparatus is meant for plate culture 
and Buchner’s tube for tube culture. This mixture is also 
employed to absorb the oxygen in the residual air in Bulloch's 
jar or. Novy’s apparatus after displacing the air in the jar Vdth 
hydrogen. A simple method for tube culture is to push down 
the cotton plug to a distance of about one inch from the top 
of the tube, place pyrogalUc acid and sodium hydroxide solution 
over it, close the tube at once with a tight-fitting rubber stopper 
or melted paraffin and then to incubate it m an inverted 
position. 

Removal of oxygen can be effected through the agency of an 
aerobe. Growing in an enclosed space, the aerobe utilises all 
the oxygen of the contained air, rendering it suitable for the 
growth of anaerobes. The Petri dish method is convenient. In 
this two dishes of equal size arc chosen. One is provided with 
ordinary agar and the other with a suitable medium for the 
anaerobe. The former is plated with the selected aerobe, e.g- 
the prodigiosus bacillus, and the latter with the anaerobe. Close 
one with the other with the edges correctly in apposition. The 
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final sealing is done either by slipping in a broad rubber band 
over the junction of the plates or by applying there a layer of 
plasticine. Mixing an aerobe and an anaerobe is also a convenient 
method of preserving culture of anaerobes in the laboratory. 

Robertson’s cooked meat medium is another convenient one 
for securing low oxygen tenaon. Meat contains certain reducing 
systems, such as unsaturated fatty acids and glutathione, which 
would function as efficient oxygen absorbers, producing excellent 
conditions for anaerobjosis. Even the exacting anaerobes will 
grow in it. The rigid exclusion of air from tbe surface is not 
necessary and it may be incubated aerobically. Any oxygen that 
may diffuse into the medium wd\ be at once taken up by the 
oxidation-reduction system present m it. But, if desired, a layer 
of sterile vaseline or paraffin poured on the surface will prevent 
the access of air considerably. 

Increasing the pH of a medium enhances its reducing 
capacity. But the anaerobic condition thus brought about is of 
a lew degree. It may, however, be enough to permit the growth 
of microaerophilics and anaerobes that are not very exacting in 
their gas requirements. 



Fjo 9. a, Mclntosb and FHdes* Jar ; b. Improved Paltem. 

Surface growth on solid media is necessary for the easy 
isolation of anaerobes. From this point of view none of the 
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methods hitherto dcscribedJis ‘Suitable,-- ’Deoxygeriatlon by'thc' 
slow unloti of oxygen with hydrogen in the presence of a catalyst 
With the production of water is probably the'most ‘satisfactory 
method. PaJJadium or platinum in the spongy state andfheated 
by the passage of an electric current functions as an seJhcient 
Catalytic agent. In the McIntosh and FHdes* apparatus ‘tbis^is 
the principle employed. It consists of a jar made of stout'^glass 
df metal and provided with a close-fritting lid that can be firmly 
clamped down. It may be made in any suitable size. There are 
two valvular openings in the lid, one serves as an inlet 'for 
hydrogen and the other as an outlet for air. Asbestos is impreg- 
nated with a solution of palladium chloride and heated to 
drying, whereby palladium is deposited in fine black particles 
on the asbestos. This forms the spongy palladium. It is 
fastened round a small glass or porcelain spool which is 
suspended into the jar from the under surface of the lid. A fine 
resistance wire is wound round the paliadiumised asbestos, its 
terminals are attached to two binding screws on the top of the 
lid for connection with the electric supply. An electric current 
can thus be sent through the resistance coiJ and the spongy 
palladium heated. In order to avoid any explosion during the 
combustion of the oxygen-hydrogen mixture, the spool with 
the spongy mass and coil is enclosed in a case of fine wire- 
gauze. Even in spite of this safety measure^ explosion may 
occur and, when glass jars are used, it is advisable to mani- 
pulate the apparatus inside a wooden box. Hydrogen is gene* 
rated in a Kipp’s apparatus. A methylene blue indicator is 
introduced Into the jar to show the degree of an(aerobiosis 
produced in it; with decreasing oxygen tension, the blue colour 
gradually vanishes. I 

Cultivation under Increased Carbon Dioxide Tension, Certain 
organisms, like Sr. abortus, have been foudd to grow only in the 
presence of] an increased carbon dioxide’ tension in the air in 
contact with the growth. Others, like the pneumococilus, gono- 
coccus and ' meningococcus, grow more luxuriantly in such a 
gaseous environment. For the cultivation of such bacteria any 
anaerobic apparatus like the Bulloch’s jar may be employed. 
The air is partially exhausted by means of a filter pump and the 
necessary amount of carbon?dioxide>is let in from aKipp’aappa- 
. ratus .or cylinder. . ' - ‘ 
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Morphology and Staining Reactions. The. importance of the 
study of morphology and staining reactions in determining the 
type of an organism has been pointed out in a foregoing section. 
Special attention should be paid to (he shape and size of the 
organism, its arrangement, motility and possession of spore and 
capsule. After a preliminary examination by the hanging-drop 
method, the study of the staining reactions, with particular 
refercnde to the Gram stain, is proceeded with.. Incidentally, 
the examination of stained smears also enables to check the 
purity of the culture. Important as these studies are, they are 
inadequate for establishing the identity of an organism, except 
in rare instances. . , 

Cultural Characters. The study of the morphology of 
colony constitutes a valuable step in the identification of species. 
Different bacterial species exhibit distinctive colony characters, 
These are usually studied on nutrient agar. The examination is 
best done after twenty-four hours incubation. A hand lens or 
a low power of a microscope enables a more critical study than 
the naked eye. Attention is paid to the following: nature and 
distribution of colomes (confluent or discrete); size;-, general 
contour^-flat, raised, irregular, appearance of margin; surface 
smooth or rough, dry or moist; opaque, transluscent or trans- 
parent; colour; consistency; easily removed or adherent to the 
medium, and readily emulsifiable or not. Reference has beep 
made above to the value of colonial appearances on special 
media, like blood agar, MacConkey’s and blood tellurite media, 

In fluid medium .^lso bactenal growth has certain differentia- 
ting features. Points to be observed in a fluid culture are 
production and nature of surface growth or pellicle; the degree 
of turbidity and the nature of the sediment or deposit — flocculent, 
granular or ropy; colour and smell may also sometimes help. 

Metabolic Properties. These include oxygen., requirement, 
carbon dioxide requirement, optimum pH, optimum temperature, 
pigment formation, catalase production, etc. Information regard- 
ing these characters gives us additional help in determining the 
type of a given organism. For example, if a Gram-positive 
coccus produces golden yellow pigment under suitable conditions 
it IS most likely to be Staph, aureus; or if an organism fails to grow 
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further reduced to ammonia or even nitrogen. Cultivation in 
s gas 'fermentation tube win show up the latter. 

' ■' Ammonia. Its presence is tested with a peptone water culture 
by adding Kessler’s reagent. A brown coIourdeveJopsin positive 
cases. 


Catalase Production. This is tested by adding one ml. of 
(lO.vols.) to a 24-bour agar slope culture. The tube is 
held in an inclined position. In positive cases copious gas bubbles 
are produced. 

ChoIera'Red Reaction (Nitroso-Indole Reaction). Certain 
organisms, like V. chotera, reduce nitrates to nitrites and produce 
indole from peptone. Hence, the addition of pure sulphuric acid 
to a culture of these organisms in a medium containing both 
peptone and nitrates causes the production of a red colour almost 
immediately. It is not specific to K cholertf; any organism that 
produces both indole and nitrites will give a positive reaction. 
In doing the test it is important to use a brand of peptone that 
contains nitrate as an impurity. 

Changes in Litmus Milk. The preparation of this medium 
has been given on page lOO. Milk coni^ins UeXost and casein 
in the form of soluble calcium caseinogenale. If the former is 
fermented acid is produced, changing the colour of the indicator 
to red. No more changes may occur. But if considerable quanti- 
ties of acid are formed, there ensues also precipitation of the 
caseinogen into a soft gelatinous curd facid clot). It does not 
retract and alkali dissolves it completely. Change of colour to 
a deep blue denotes alkali production. This may happen without 
furthcr^changes. Or the production of alkali may be associated 
■with the precipitation of the casein as a rennet curd, giving rise 
to a clear pale yellow fluid. The rettnet dot is formed under the 
influence of bacterial enzymes. It is firm and retracts expressing 
a clear limpid fluid called whey. It cannot be dissolved by 
alkali, nuriog coagulation by rennet the soluble calcium 


caseinogenate is transformed into the insoluble calcium caseinate. 
In the production of add clot the add combines with the 
calcium, causing the precipitation of caseinogen which is insoluble. 

ProdQCtion of Hydrogen Sulphide. Certain bacteria ’elaborate 
hydrogen sulphide during growth, presumably from amino acids 
contafmng' sulphur, which has a differential value. 'It js tested 
by growing them in acetate agar (p, 110}. A stab'cullur? 
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is made on this medium. A black tine of growth, due to the 
precipitation of lead sulphide, indicates the production of hydrogen 
sulphide. 

Serological Reactions, The above mentioned characters, 
while throwing considerable light on the nature of the species / 
under investigation, are not as reliable as the serological tests 
which are based on the antigenic structure of bacteria. These 
serological tests are in vitro antigen-antibody reactions. They 
depend upon the fact that bacterial infection provokes the 
production of specific antibodies in the host’s tissues, that such 
antibodies are contained in the various body fluids and that these 
fluids, when brought into eontact tflth the appropriate antigen, 
give rise to certain specific changes. Such antibodies have also 
been found to be produced by the tissues of certain lower 
animals, like the rabbit, in response to their artificial immuni- 
sation with the appropriate bacterial antigens. The immunised 
animals’ blood will usually show a very high concentration of the 
specific antibodies. Especially is this the case with agglutinins. 
Such specific sera are spoken of as high litre sera. They are 
prepared and preserved in the laboratory to be employed for the 
identification of freshly isolated and unknown bacteria. Because 
of its simplicity and reliability the agglutination test is one of 
the widely used tests for this purpose. Whenever an organism 
is isolated from a pathological material and from its other 
properties suspected to be of a certain type, its identity is finally 
fixed by observing its bahaviour in the presence of the homo- 
logous immune serum. Taking advantage of these principloe 
certain indirect methods of identification of the causal organism, 
and consequently of the diagnosis of the disease, have been 
developed. Well known examples of such tests are the Widal 
and the Wassermann; precipitation phenomenon and various 
skin reactions provide others. 

Pathogenicity Tests. Experimental animals constitute an 
indispensable adjunct to the study of the pathogenic microbes. 
They arc extensively used for testing the pathogenic property of 
bacteria. Not all animals, U may be remembered, are susceptible 
to the human pathogens. For many of the latter no susceptible 
animals have been discovered. On the other hand, a few of the 
pathogenic bacteria are common to man and some of the lower 
animals, e.g, past, peslis and Sp. minus. Of the susceptible 
X G 
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animals, only some develop lesions identical to those produced 
in human infections, as for instance in tuberculosis; in certaia 
others though the lesions may not have close resemblance in every 
respect, yet there are features uniformly characteristic of the 
particular infection, as for instance in diphtheria. In such infec- 
tions as these, animal inoculation affords a very valuable, in 
fact the crucial, test for identification. In the case of other 
pathogens and the saprophytic bacteria, it has no diagnostic 
value, except in a negative way. 

Animals are also used in the laboratory for various other 
purposes, such as the isolation of certain bacteria in pure 
culture; enchancing or attenuating the virulence or transforming 
one biological type to another either for experimental studies 
or for making biological products, e.g. fixed virus, vaccinia and 
yellow fever virus; the production and testing of immune sera 
and the specific test sera; conducting neutralisation tests; and the 
maintenance of laboratory strains of those organisms which arc 
either only difficultly cultivable, like T. pallidum, or not culfi- 
vabie at all, like Sp. minus and many filterable viruses. 

The common experimental animals are guinea-pigs, rabbits, 
rats and mice. Monkeys arc used for special purposes. Larger 
animals, such as horses and calves, arc employed in large labora- 
tories manufacturing biological products. Guinea-pigs are 
employed in the diagnosis of tuberculosis, diphtheria, anthrax, 
plague, leptospirosis aud others. Mention may be made here 
that one of the commonest uses to which the animal is put is 
as the source of complement for the Wassermann test. Thou^ 
less frequently than the guinea-pig, (he rabbit also forms a common 
test animal. They .are more prone to parasitic infections. The 
final differentiation of the human and the bovine types of 
tubercle bacilli rests on tests in rabbits. This animal is parti- 
cularly useful in the diagnosis of rabies. Agglutinating and 
haemolytic sera are prepared from rabbits. 

Methods of Inoculation. Both parenteral and alimentary 
routes may be employed for the introduction of the material 
under investigation into the animal body. The former is far 
more frequently chosen than the latter. Inoculation may be 
done in a variety of ways, the commonest being the jntradermal, 
subcutaneous, intramuscular, intraperitoneal and iatraveooas. 
The route is usually dcteraiiited by the nature of the suspected 
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organism and other circumstances. Great skill is required for 
doing intracutaneous injection successfully. A very common use 
of this method is for testing the virulence of C, diphtheria", 0*1-0 *2 
ml. is the amount usually injected. Subcutaneous and intra- 
muscular routes are easy; either of these is used for injecting 
tuberculous materials. Special care must be taken to avoid the 
intestines when performing intraperitoneal injections. The 
animal is held with the head downwards, so that the intestines 
fall towards the diaphragm. The injection is made in the 
middle line in the lower third of the abdomen. At first the 
needle is entered subcutaneously for a short distance and then 
plunged at right angles through the abdominal wall into the 
peritoneal cavity. The intravenous method in small animals is 
somewhat difficult. In rabbits it is easy and the marginal ear 
vein is chosen for that. Injection is done in the direction of the 
blood flow and after dilating the vein by pressure applied in its 
course at the root of the ear. Swabbing with xylol or warm 
water may also help in dilating the veins. Inoculation may be 
carried out in guinea-pigs into the large superficial vein on the 
dorsal and inner side of the hind leg; it requires anaesthesia. 
In mice one of the lateral veins at the root of the tail is utilised. 
The animal is kept in a spedally designed cylindrical cage with 
the tail projecting externally; the vein is dilated by immersing 
the tail in warm water. Other routes used in special circum- 
stances are the intratesticular, intratracheal, intracerebral, intra- 
thecal and intraocular. In order to introduce the test material 
through the respiratory route, it is sprayed into the nose or the 
animal is made to inhale it In rare instances rubbing the 
infected material on the intact shaven skin will cause infection, 
for instance plague. Finally there is the alimentary route or 
ingestion. The material is either mixed with the animal’s food 
or introduced into the stomach through a tube. 

Great care should be excrcfeed in the choice of the animal. 
It should be remembered that they are subject to natural 
bacterial and parasitic infections. Special attention should be 
paid to health, age, weight and sometimes sex. Needless 
to say that the site of injection should be carefully prepared; 
the fur is removed by shaving or by the application of a 
depilatory and the skin is stenlised with alcojiol or tmetur? 
pf iodiqe, 


CHAPTER Vn 

THE DESTRUCTION OF BACTERIA - STERILISATION 


Sterilisation means destruction of micro-organisms. Generally, 
the terra is used for the destruction of bacteria and their spores. 
The subject of sterilisation has engaged the attention of scientists 
from an early past. It finds practical application in many 
branches of human activity, such as medical science, public 
health work, veterinary science and industry, particularly the food 
industry. The modern surgical procedures are based on asepsis. 
Beddings, clothes and other fomites infected from patients have 
to be sterilised before their use for other patients. Infected 
materials, such as faeces, urine, pus and discharges, have to be 
thoroughly disinfected before disposal. The subject of bacterial 
destruction is of paramount importance also in the study of 
bacteria. One of the first essentials in practical bacteriology is 
the removal of all forms of life from all the materials employed 
in the cultivation, isolation and subsequent studies of the 
pathogenic microbes. Glassware, metallic apparatus, platinum 
needles, filtering apparatus, media and other similar articles 
should be freed of all germs not only before but also after their 
use. Infected materials and tissues, removed from patients or 
experimental animals for examination, have to be disinfected 
after use. No one method is uniformly applicable in the steril- 
isation of all these. Different agencies have been devised or 
harnessed to suit different requirements. But all have the same 
aim of destroying not only vegetative bacteria but also the very 
resistant spore forms. 

Antiseptics are substances which inhibit the growth of, but 
do not destroy, bacterial life (Eyre). They are only bacteriostatic 
and when the inhibiting factors arc withdrawn, the organism 
regains its growth activities. Disinfectants destroy bacterial life. 
The term germicides also means the same thing. But these terms 
{Jo not imply the destruction of spores. These terms are now 
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not rigidly applied in their original sense but are often synony- 
mously employed. 

The exact mode of destruction is a complex process. The 
destructive agent acts either by the coagulation of the bacterial 
protoplasm, the oxidation of the protoplasm or indirectly by 
interfering with the process of bacterial nutrition. None of these 
agents can, therefore, be used for the effective destruction of 
the pathogemc otgamsms in the living tissues, as these ate likewise 
vulnerable to the action of such agents. 

The sterilising agents arc of two types ; physical and 
chemical. Bacterial filtration is only a process of mechanical 
removal of bacteria and does not belong to cither of these 
groups, though the final result is the same. Antibiotics are 
natural antibactenal substances manufactured by certain forms 
of life during growth. 

Physical Agents 

The following physical agents, possessing bactericidal power, 
are of practical importance; light, heat, cold, desiccation and 
electricity. 

Light. The value of sunlight as a sterilising agent has long 
been recognised. There can be little doubt that, in nature, it 
causes considerable disinfection. Investigations have shown that 
the germicidal activity of sunlight is mainly due to its invisible 
ultra violet component. Visible radiation is much less powerful 
in this respect. The invisible infra-red portion of sunhght acts 
by the dehydration of the bacterial cell. Moreover, the action of 
sunlight on the substrate is not negligible. By inducing certain 
changes, the latter is rendered unsuitable for bacterial growth, 
thus producing indirectly an antiseptic effect. 

The actinic radiation is destructive not only to bacteria, 
but it is also lethal to all protozoal forms and to the tissue 
cells. The exact mode of action is still obscure. It is likely 
that these rays act by coagulating the colloidal protoplasm, thus 
rendering the continuance of life impossible. The integrity of 
the protein molecules constituting the protoplasm is profoundly 
affected by the acUnic rays. It is, therefore, obvious that these 
rays are destructive not only to the organised cells but also to 
their metabolic products, such as toxins. Actinic rays have been 
found to destroy complement. 
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very handy for sterilising non-ioflamraable articles, like platinum 
loop and needle. Hot air steriliser, or hot air oven, serves for 
sterilising such glassware as Petri dishes, pipettes and test tubes. 
A temperature of 160° C. kept up for one hour is sufficient for 
effective sterilisation. The temperature should not be allowed 
to go much above 180° C.. for, if it does, the cotton plugs and 
the paper wrappers will char, giving a smoky appearance to the 
glassware. Incinerator is used for the deslniction of carcases 
or contaminated materials. 

Moist heat destroys both the vegetative forms of bacteria 
and their spores at a much lower temperature than that with diy 
heat. The greater efficiency is due to its greater penetrating 
power. There are also other contributary reasons. A rich content 
of moisture renders proteins more readily coagulable and the 
reverse is the case when the amount of moisture is low. Illus- 
trative of the latter fact is the greater resistance of spores. 
Moist beat tends to increase the water content of the bacterial 
protein, thereby increasing its vulnerability to heat, whereas dry 
heat by reducing the water content increases the resistance to heat 
and. therefore, raises the temperature necessary for coagulatiofl. 
Also, steam is a better conductor of heat than air. The 
presence of small amounts of alkali or acid in the suspension 
fluid, too small alone to be germicidal, increases the bactericidal 
effect of moist heat by altenng the pH. This effect is more marked 
with acid than with alkali. The presence of protein in the 
suspension fluid, on the other hand, tends to protect bacteria 
against heat. 

Moist heat is employed in the laboratory in several ways. 
Substances that would perish if exposed to a high temperature 
are sterilised by exposing them to a lower temperature for 
prolonged periods. Pasteurisation of milk is an example of it. 
Coagulated serum and egg media are steriUsed in this way. In 
the preparation of vaccines, killing of the organism is effected 
by heating the suspension or culture at 56° C. for one hour for 
three successive days. .Boiling is a common method of sterilisa- 
tion. Boiling water readily destroys all vegetative Forms. 
Prolonged boiling destroys even the refractory spores. Sterilisa- 
tion of instruments « usually done in hoilins water. Steam is 
more efficient than boiling water. . Steam at the atmospheric 
pressure is employed in the Arnold steriliser for sterilising 
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materials, like milk, carbohydrate media and gelatin, that would 
undergo chemical or physical changes if submitted to steam under 
pressure. 

The material for sterilisation is submitted to circulating steam 
at a temperature of 100’ C. for 20 minutes on three consecutive 
days. The first exposure k\Hs all the vegetative forms present. Any 
spores that may be present wrill sprout into vegetative forms in the 
next twenty-four hours. These w»H be destroyed by the second 
steaming. If any spores still survive, the third steaming will 
destroy them, thus ensuring thotougli sicnlisation. This method 
is known as Tyndall’s intcrmiticnt or fractional sterilisation. 

Steam under pressure is mote ctTicicnt than steam at atmo- 
spheric pressure. U is employed in the working of the autoclave, 
an apparatus devised to destroy both the vegetative forms as 
well as spores In one operation. Materials that ore not damaged 
by superheated and saturated steam arc sterilised by autoclaving. 
The destruction of unwanted cultures is also done in this way. 
Water boils at about 100® C. at the ordinary atmospheric pressure. 
If this pressure is increased, the boiling point will be likewise 
increased. The increase of pressure is brought about by heating 
steam m a closed space. This is the principle of the autoclave. 
When the pressure of the steam inside the closed autoclave is 
increased by 15 lbs. above atmospheric pressure, /.e. a total of 
30 lbs., the temperature will rise to about 120“ C. Exposure 
to a temperature of 120'’ C. for 30 minutes usually suffices to 
ensure thorough sienlisiuon. Such prolonged heating at high 
temperature has been shown to bring about certain vital changes 
in the media, tendering them unsuitable for the growth and 
multiplication of many of the pathogenic organisms. 

Cold. It is common knowledge that cold retards putre- 
faction; but it has very little germicidal power. The typhoid, 
cholera and other organisms m culture have been found to 
withstand a temperature of —J90’ C. for 20 hours without suffering 
any apparent changes in their btolo^cal activities. Hence, ice 
and icy cold substances, like ice cream, need not necessarily be 
sterile. However, this resistance to cold is not a general rule. 
Certain bacteria, like the meningococcus and gonococcus, rapidly 
perish when exposed to a low temperature. 

Electricity. Electricity has no direct bactericidal power. 
But the passage of electricity through a medium leads to some 
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sterilising effect. This is not due to any direct action of 
clectncify. Heat and certain substances, like acid and iydrocea 
peroxide, produced during the passage of current, are responsible 
for this bactericidal action. 

Chemical Agents 

A very large number of chemical substances have germicidal 
property. But many of them have no practical value as germi- 
cides, as, in the concentration they are effectively bactericidal 
they are also injurious to the tissue cells and, therefore, they 
cannot be used against infection. Again, the practical application 
of many of the bactericidal chemicals is contraindicated in the 
sterilisation of materials like culture media, food substances, 
contaminated linen and the nice owing to the damage they cause 
to these materials. Notwithstanding such limitations, quite 
a large number of chemical agents are employed in the destruc- 
tion of bacteria as well as in controlling their growth. 

The mode of action of the various disinfectants varies 
widely. This may provide a basis for classification. Apart from 
tbeit nature and concentration, several factors, such as tempe- 
rature, time of action, the method of action, pH, presence of 
extraneous organic matter and the type and concentration of 
bacteria, influence greatly their activity, accelerating or retarding 
the velocity of reaction. A rise in temperature has an accele- 
rating effect on the rate of reaction. Disinfection is also a function 
of time; the rate of sterilisation increases with the time of 
exposure. In general, the rate of reaction at neutrality is the 
lowest, increasing with the shift of pH in either direction. 
Another very important factor is the nature of the medium; 
water is an efficient solvent; it also makes the ionization of 
salts possible. The presence of extraneous organic matter 
retards the disinfectant action. A part of the disinfectant is 
diverted from the bacteria to the extraneous matter, thus lower- 
ing the effective concentration. The rate of reaction also 
depends on the kind of bacteria; for instance, the tubercle 
bacillus is relatively resistant to the action of hypochlorite, - 
whereas certain others are readily destroyed in its presence. In ; 
the process of disinfection there is a close correlation of all the ■ 
above mentioned factors, accelerating or retradiog the velocity 
of the process. < 
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Distilled Water, Distilled water is credited with some degree 
of dismfeciant action, but there is no unanimity of opinion 
about this. The injurious effect it exerts may be due to the 
action of certain dissolved substances like traces of metals, alkali 
and others, and distilled water as such may not be harmful to 
bacterial life. Spores arc not affected by distilled water. In 
contrast to animal and higher plant celts, the bacterial cell is 
insensitive to changes in osmotic pressure. Nor does it usually 
undergo plasmolysis or plasmoptysis by exposure to hypertonic 
or hypotonic solutions. 

Acids. Many adds arc strong germiddes. Their destructive 
action largely depends upon the degree of electrolytic dissodation 
they undergo and the resulting H*ion concentration. For this 
reason mineral acids have greater gcrmiddal cffidency than organic 
adds. The toxic action of the latter, however, docs not entirely 
depend upon the degree of dissociation. Compared to the 
inorganic adds, the organic acids show low degree of ionization, 
and yet some of them arc strongly gcrmiddal. This is partly 
due to the toxic nature of the undissociated whole moleeule. 
Some of the acids, like HNOj, have also a specific action, probably 
in virtue of the amon. The resistance to acids varies consider- 
ably with different species of bactena. Bact. eoH has been found 
to survive a pH of 5 during fermentation of sugars t the tubercle 
bacillus withstands the action of dilute adds much longer than 
most of the organisms. 

Alkalies. The OH*ioos arc mainly responsible for the dis- 
infectant property of alkalies, but they are less active than 
H-ions. In general, the degree of lomzation is a measure of the 
bactericidal potency of alkalies. Thus, KOH and NaOH are 
more active germicides than others, because of their higher degree 
of electrolytic dissociation. The kations of earthy metals possess 
some lethal property. This also accounts for the greater germicidal 
efficiency of Ba (OH)* than KOH, though the former is less ionized 
than the latter ; to the activity of OH4ons is added the toxicity 
of the positive ions, producing thereby a high total germicidal 
effect. The germicidal effect of soap is largely dependent on 
the contained alkali. Some organisms are relatively resistant to 
the action of alkalies, as instanced by the tubercle bacillus. 

Salts. Several metallic salts, particularly those of mercury, 
Silye? and copper, possess strong bactericidal properties. Per* 
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chlonde of mercury^ mcrthiotatc, argyrol and protargol are some 
of the commonly employed compounds. In low concentrations 
salts exert a stimulating influence on bacterial growth and in 
high concentrations a destructive effect. Within the toxic range 
their germicidal activity is proportional to their conceniraUon. 

The mechanism of salt action is not clear> it may be 
a molecular action, ionic action or a combination of both. The 
Jeations, anions or both may be active. The ions may exert 
their action either through their electrical charges, tlirough 
modifying influences on the solvents and independently of their 
electrical charges or through the specific chemical nature of the 
ions. Id general, their sterilising capacity increases with increa- 
sing atomic weight of the metals forming salts; for example, 
HgOa is more to.ric than CaClj or MgClj. Bivalent kations arc, 
as a rule, more germicidal than monovalent kations. The 
presence of proteins in the dissolving fluid lowers the gerntictdal 
potency of the salts; for instance, HgCh in watery solution 
is more toxic than in the presence of serum. The salts probably 
combine with the proteins and form insoluble proteinates, thus 
lowering the effective concentration of their ions in the media. 
Different species of bacteria evince marked variations in their 
susceptibility to the action of the same salt; closely allied 
species usually react in a similar way. The Gram-positive 
bacteria arc generally more sensitive to the lethal action of 
salts than the Gram-negative ones. 

The germicidal activity of certain salts depends upon thrir 
oxidising or reducing capacity. Oxidising agents, like peroxide, 
ozone and KMnO^, are powerful disinfectants by virtue of the 
nascent oxygen which they readily liberate. Many of them are 
widely employed for disinfectant purposes. Certain reducing 
agents are also powerful germicides. Formaldehyde and sulphur- 
ous acid are examples of such. Formaldehyde is lethal to both 
vegetative forms and their spores. In the gaseous state it 
frequently used for disinfecting rooms and articles for which 
liquid disinfectants arc unsuitable. Formalin, which is 40 per 
cent, formaldehyde, finds extensive application as an antiseptic 
and preservative. It is a common preservative and fixative of 

tissues. . t. . .V 

As noted above, bacteria are resistant to changes m the 
esmot'K ptessure. But silts map suppress bacietial growili 
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indirectly by dehydrating the protein substrate. It 5s this 
dehydrating quality that is taken advantage of in lltc prcscrs’ation 
of food. 

Ifalogcas. The halogens are powerful disinfectants. Because 
of the relative instability of their compounds and the damage 
they cause to organic substrates, their practical application is 
not easy. Nevertheless, they arc some of the widely employed 
disinfectants. The bactericidal property of the halogens is found 
to vary inversely as their atomic weight, chlorine being the most 
active and iodine the least. 

Chlorine in the free state or combined as bleaching powder 
is widely employed in the punfication of dnnking water and 
swimming bath. As a germicide chlorine gas is rapidly replacing 
its compounds. Chloramine, eusol and Dakin's solution arc 
some of the commonly used germicides containing chlorine. In 
the presence of organic matter chlorine compounds readily yield 
chlorine which on interaction with water liberates oxygen 
(nascent). Thus, as germicides chlorine and its compounds arc 
effective in two ways: direct chlorination of the organic matter 
of the bacterial cell and oxidation of the cell substance. 

Iodine is probably one of the most extensively used germi- 
cides, Tincture of iodine is a simple but very effective steriliser 
of the skin. 

Alcohols and Ethers. Absolute alcohol is either not germi- 
cidal or only weakly so. But when diluted with water, it acquires 
marked germicidal properly. A 50 per cent, dilution displays 
the maximum toxicity: decreasing or increasing this strength 
lowers the toxicity. It should be remembered that absolute 
alcohol markedly reduces the toxic action of other disinfectants 
when dissolved in it ; in some cases it may be due to the inhibition 
of ionization of the disinfectant. Tliis is not true always of dilute 
alcohol which may even enhance the antimicrobial efficiency of 
some disinfectants like HgCl- and AgNOj. The toxicity of 
different alcohols towards bacteria increases with their molecular 
weight ; methyl alcohol is thus the least germicidal. The germi- 
cidal property of ether is of a low order; it is seldom used for 
disinfection. 

Chloroform. Chloroform in solution has strong antiseptic 
properties, while its vapours are actively bactericidal. For the 
Sterilisation and preservation of sera, meant for the preparation 
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has elapsed. This can be illustrated graphically. If the number 
of the surviving bacte;^a per unit volume at succeeding intervals 
of time are counted and the logarithms of these numbers arc 
plotted against time, it will be found that these points tend to 
be in straight line. The rate of destruction of spores by dis* 
infectants bears a similar relationship to time. The death of 
bacteria in old cultures also occurs in a logarithmic order. 



Fro. 10. Dfalnfectloo of Antbrar Spores wiJh 5 per cent. Phenol 
Curve a. Survivor time curve ; Curve b, Jogarithms of conccntralioD of 
survivors. 

. From the above data the conclusion has been reached that 
the process of disinfx^ton, whether by chemical or physical 
agents, like moist heat, suoli^t or desiccation, may be considered 
analogous to a chemical reaction of the monoraolecular type which 
obeys the law of Mass Action. Indeed, in many instances, as foi 
example the action of heavy metals on bacteria, the killing of 
bacteria is a chemical process. In a chemical reaction governed 
by the Mass the rate of reaction, or the reaction velocity, 
IS oroportional to the concentrarion of the reacting substances. 
In a monomolccular reaetion only one of the reacting substances 
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is warded as undergoing change and (he velocity of (he 
rcaaion is deiermincd by its concentration. Examples of mono- 
molecular reactions are the inversion of cane sugar by dilute adds, 
the decomposition of AsH, into As and Hj and the disintegration 
of radioactive substances. In disinfection the interacting sub- 
stances arc the disinfectants and the bacteria. One of these, the 
disinfectant, is in great excess compared to the weight of the 
bacteria, and its concentration may, therefore, be regarded as 
constant throughout the reaction. Applying the rate of mono- 
molecular reaction to disinfection, the rate of destruction of 
bacteria is determined by the concentration of the surviving 
bacteria. The number of bacteria destroyed at any given moment 
bears a constant proportion to the total number surviving at that 
time. As the number of survivals becomes less and less, the rate 
of disinfection becomes slower and slower until all bacteria arc 
killed. 

Although in many cases under ideal condition (he killing 
occurs in an orderly manner with the velocity of a unimolecular 
reaction, in others departures from this have been observed. 
The death rate may be more rapid than usual in the beginning 
in some cases and more rapid during a subsequent period in 
others; it may even be quite irregular in a few cases. Bacteria 
are not mere masses of mert proteins and the question of 
variation of resistance among them cannot be ignored. As 
actively growing multiplying individuals, the question of age is 
bound 'to affect the inherent resistance of the individual cells 
to adverse agents hke the disinfectants. Spores may not be 
materially affected by the age factor. But all these points arc 
more of theoretical interest. What is important is to remember 
that disinfection is a gradual process requiring some time for 
its completion, during disinfection a minority of ' cells will 
survive much longer than others and that thorough sterilisation 
demands the destruction of aH bacteria and their spores. 

The concentration of the disinfectant has a profound influ- 
ence on the time taken for complete sterilisation. Increase of 
concentration accelerates the speed of reaction.' But this accele- 
ration does not occur in simple ratios; it also differs with'eaCh 
disinfectant. For example, other things remaining constant, 
doubling the concentration of phenol increases the reaction velocity 
pearly 64 times, wheT«as doubling the strength of HgCl, only 
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doubles the rate of-reaction, Le. halves the time required for the 
completion of the reaction. • 

'.Temperature is another important factor which determines 
the : rate of disinfection. Increase of temperature increases the 
rate fairly regularly. As the temperature of the reaction increases 
in arithmetical progression, the rate of disinfection increases in 


a 'geometrical ratio. For example^ with a rise of temperature 
of 10° C. the reaction velocity of phenol is increased almost 
eight times, reducing the time necessary for complete sterilisation 
to one-eighth, and of HgClj two to four times. 

v^^fandardisafion of Disinfectants 


, A knowledge of the relative germicidal potency of the 
various disinfectants is essential in their practical apph'cation. 
Several methods have been devised for estimating their relative 
activity, but not one of them is quite satisfactory. This is aot 
sutprising in view of the fact that the process of disinfection is 
under the influence of several variable factors. It is imperative, 
therefore, that in any process of testing, every effort should be 
made to standardise as many of these variable factors as possible. 
These factors are; time of action of the germicide, age of the 
culture, choice of the culture medium, pH of the medium, 
temperature of reaction, control of resistance of test organism, 
specification of distinct species of organism, proportion of dis- 
infectant to culture and the choice of a standard germicide as 
a control. Two methods of standardisation are now in common 
use: the Rideal-Walker test and the Chick^Martin test. 

In the Rideal-Walker technique the germicidal power of 
a given disinfectant is determined in comparison with that of 
pure phenol under identical conditions. The ratio so obtained 
is called the phenol coefficient. The phenol coefficient of a dis- 
infectant, therefore, tells you whether that disinfectant is weaker, 
equal to or stronger than phenol and in what proportion. 
Constant quantities of the standard organism are subjected to the 
action of different dilutions of phenol and of the disinfectant 
under test by parallel experiments. At intervals of 2} minutes 
up to 15 minutes, subcultures are made into broth and incubated 
at 37® C. for three days. That concentration of the new disinfec- 
tant which sterilises the test culture in a given time divided by that 
concentration of phenol which brings about the same result in 
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the same time gives the phenol coefficient. The depressing effect 
of extraneous organic matter on the germicidal activity of 
disinfectants has been aliudcd to before. And in actual practice, 
it should be noted that the process of disinfection occurs not in 
a pure solution but In situations containing extraneous organic 
matter. This is one important critidsm of the RidcalAValker 
method. In order to meet this cfiticism. Chick and Martin 
suggested (he addition of organic matter in the shape of 3 per 
cent, dried human fasces to the medium of action to give the 
reaction more naturalness. Dried yeast may replace faeces in the 
same concentration. Instead of varying time as in the Ridcal- 
Walkcr process, a fixed time of 30 minutes is allowed for the 
reaction in the Chtek-Martin method. 

Sterilisation by Filtration 

The removal of all bacterial forms from Quid materials can be 
accomplished by filtration through certain filtering media with 
pores too small to permit the passage of bacteria or spores. 
The great advantage of this method is that it can be used in the 
sterilisation of materials liable to be denatured by heat or other 
agencies. Hence, filtration is extensively employed in the prepa- 
ration of bacteria*free toxins and in the sterilisation of serum,' 
plasma and certain fluid media. It is also employed in the study 
of viruses and bacteriophage. There are several types of filters: 

1 . Earthenware filters: Bcrkcfeld, Mandlcr and Chamber- 

land. 

2. Asbestos discs: Seitz fillers. 

3. Sand and paper pulp filters. 

4. Collodion membranes. 

The earthenware filters are made in the shape of hollow 
candles (Fig. 11) and the Seiu filters as flat discs. These filters 
are made of varying grades of permeability. The test of filtration 
capacity in general use is the capacity of the filter to retaia 
a small bacterium like Chromobactenum prodigiosum. 

Fluids under ordinary pressure do not readily pass through 
these filters. It is only by the application of negative or positive 
pressure that they can be forced through filters. Usually, filtra- 
tion is effected by suction and the fluid is drawn into a conical 
flask of thick glass, provided with a side no 22 lc. The air in the 
flask is partially exhausted by means of an exhaust pump* 
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attached to the side tube. Only gentle pressure (10a-200min.), 
just enough to cause , a satisfactory rate of filtration, should be 
employed: higher pressure* may force into the pores -minute 
particles and impede filtration. ITic pressure may have to be 
slightly increased in the course of filtration so as to ensure 
a steady rate of filtration throughout. Once begun, filtration 
should be finished in a reasonably short time; otherwise delicate 
flexible organisms, like motile spirochaetes, and very thin bacilli 
are apt to get through the filter, thus vitiating the filtration results. 

One important drawback of the earthenware filter candles 
is that they are very fragile. They may have cracks, not visible 
to the naked eye, or imperfect joints with the metal support. 
The presence of these flaws should be tested before use fay 
pressing air through the candles under water, when big air 
bubbles will be seen escaping through any imperfection; such 
candles are discarded. 

Filtering candles should be cleaned every time after use., 
Cleaning Is done by brushing with a wire brush and then boiling 
in distilled water. A filtration test with distilled water '^I 
reveal any clogging with organic matter, in which case heating 
to redness in a muffled furnace will bum off such matter and 
restore permeability. TrypsiaisaUon or boiling in 2 per cent, 
sodium carbonate solution may also answer the purpose. 



Via n.‘ Various Types of Qacterlal Filters. 1, Chamberland ; 
2-. BerkeftW Candle ; 3, Berkefeld Filter ; and 4, Seitr Fjlter. 

Berkcfeld filters (Fig. 11)' are made of keiselghur or diato- 
maceous earth containing fossils of minute marine animals, found 
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in Germany and certain other regions. They arc manufactured 
in three grades of porosity: V O^cl) coarse, N (Normal) inter- 
mediate and W (Wenig) fine; the tost one has a pore size of 
3 to 4 microns. Of these, V is coarse and is used for rapid 
clarification and for preliminary removal of most of the bacteria 
from liquids. The N filters are eflicient bacterial fillers, retaining 
all bacteria but permitting the passage of most of the viruses. 
The W candles retain all bacteria and many of the viruses. 

Mandler filter is an American made earthenware filter and 
is a modification of the Berkcfcld pattern. 

The filtering candle is tightly cemented to a metal mount 
which is drawn out as a deJivco' tube. When the apparatus is 
assembled, the mounted candle is contained in a removable 
glass mantle which serves to hold the filtration fluid. Filtration 
takes place inward through the candle wall and the filtrate 
drains down through the metal delivery tube into a reservoir, 
usually a stout walled conical flask provided with a side exit 
tube. The metal holder is inserted through the rubber stopper 
of the flask. 

The apparatus should, of course, be sterilised before use. 
The loosely assembled filtering portion and the receiving ‘flask 
arc separately sterilised cither by steaming or autoclaving. The 
mantle Is fitted up loosely to the metal holder without tightening 
the screw and the delivery tube is passed through the rubber 
stopper removed from the flask. The open end of the mantle is 
plugged with cotton wool and the filtering portion is wrapped 
in kraft paper. The flask is likewise plugged with cotton wool, 
and its side tube provided with cotton wool air filter; it is then 
Wrapped in brown paper. Both parts are then sterilised. Before 
use, the cotton plug of the flask is replaced by the rubber 
stopper with the filtering part, loose connections are tightened 
and the side nozzle of the flask is connected by pressure tubing 
to a water pump or mechanical ait pump. The fluid for filtration 
is then poured into the container and gentle negative pressure 
. applied, which is registered by an interposed pressure gauge. 

During filtration it is nccessaiy that the column of fluid 
should completely surround the candle throughout so as to get 
the maximum amount of filtrate. To ensure this a sterile test 
tube, just bigger than the candle, is inverted over it so that 
a film of fluid will rise up between the candle and the test tube, 
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bathing the whole surface of the candle almost to the end of 
fiitrafion. This is ^tiicvlaAy ^wdicated when tbc amount of 
fluidTo be filtered is small. Again, when the filtration fluid is 
small in quantity, a sterile test tube is iattoduced' into, the 
filtering flask so that the iilttate can be directly collected in it 
instead of having to transfer it from the Sash ■ 

Chamberland filters (Fig. 1 1 ) are made of unglazed porcelain 
and are widely used in France, They are made of varying 
degrees of porosity, the designation of the common ones being 
LI, Lk, L2 and L3. Of these, LI is loo coarse, whereas the higher 
ones are similar in their filtration capacity to Berkefcld V, N 
and W respectively. In the small Chamberland pattern, the filtering 
candle itself is the container for the filtration fluid and filtration 
occurs from the candle outward through its wall. The candle 
is inserted into the flask which directly receives the filtrate. 

. In the Seitz pattern (Fig, 1 1) the actual filtering agent is 
an asbestos disc of speaal composition. It is interposed between 
metal holders provided with arrangements for tight joinL Ftoin 
a metal container the fluid passes through the disc, which is 
aspirated down through a delivery tube mto the collecting flask. 
The delivery tube is inserted into the flask through a rubber 
stopper fitted to tbc flask. The filtering discs are made in different 
diameters, 3c.ra., dc.m., and Idc.m., and in two grades of 
porosity: the K type for ciarifyiog and the E K types for bacterial 
filtration. A Slteriag disc is used only once and discarded after 
filtration, thus solving the problem of cleaning. 

Sand and paper pulp filters are very crude filters employed 
for removing coarse particles and also for clarifying as a preli- 
minary step to finer filtration through bacterial filters. If such 
a primary filtration is not done, mucus or other gelatinous 
materials contained in certain specimens like nasal washings ate 
liable to clog the fine pores of the filtering candles. 

Collodion filters were first employed by Bechold (1907) in 
the study of colloids and he applied the term ultrafiltration to the - 
process of differentia! filtrarion. In this, the filtering medium . 
b a thin layer of collodion. Of all tbe filters, fhe^y are the least 
infiueuced by secondary' factors. Membranes prepared from 
acetic acid coUodion have a coarse structure and observations 
made on the size of viruses were often contradictory. In recent 
years the prcpararion of colloiflon membranes was raised to a high 
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pitch of excellence by Elford and since then uUrafillration has 
been extensively used for estimating the size of viruses and 
bacteriophage by observing the ability of these to pass through 
these membranes. The pure gel membranes arc now prepared 
from a solution of collodion (nitro-ccHofosc) in acetone, to .which 
are added varying amounts of an alcohobciher mixture. They 
arc called gradocol membranes and arc made with graded degrees 
of porosity. Variations in penneabihty and pore size can be 
accomplished with considerable precision by suitably altering the 
quantity of the collodion mixture used, concentration of collodion 
in the mixture, ratio of solvents in the solution and the conditions 
of evaporation. By carefully observing these technical details, 
membranes with average pore size ranging from 3,000 (3 microns) 
to 10 millimicrons can be made. The extreme minuteness of 
these pores can be easily imagined when it is remembered that the 
size of an oxyhaemoglobm molecule is 3 to 5 and of an egg 
albumin molecule about 4 millimicrons. ' 

Antibiotic Substances 

It is a well recognised phenomenon that some bacteria are 
antagonistic to the growth of other bacteria. Investigations 
have revealed that this aniagooisiic efleci is due to the activity 
of certain substances produced by the former group which 
prove inimical to the growth of the latter. Such substances 
have been named antibiotic substances or antibiotics. Pyocyanin 
has been known for long; many more have been recently dis- 
covered, An antibiotic formed by one microbial species is not 
necessarily toxic to the same extent to ail other microbes; in 
fact, it may even be harmless to many. Generally, the Gram- 
positive bacteria are more sensitive to the action of antibiotics. 
As yet, we have only incomplete knowledge about their chemical 
structure. They belong to diverse chemical groups; some are 
polypeptides, others lipoids or organic bases; a few contain 
sulphur or a pigment group. Some have been isolated in the 
crystalline form. Besides being antimicrobial, they are also 
generally toxic to animals; a few, however, are not toxic to the 
tissue cells and have a high therapeutic value. 

Antibiotics from ^Bacteria. Pseudomonas and Bacillus are 
two of the best known genera associated with the production of 
antibiotics. Ps. pyocyama produces two, probably three, anti- 
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biotic factors {Chapter XXII), Of these, pyocyanin, probably the 
blue pigment, is a chlorofomi*so1uble phenazine compound and 
pyocyanasc appears to be a lipoid containing unsaturated fatty 
acids to which its antibiotic property is probably due. The 
third substance is an ethcr*so!uMe yellow pigment called hemi' 
pyocyonin; it is said to be more active towards pathogenic 
fungi than towards bacteria. All the three are highly toxic to 
higher forms of life. 

Various soil microbes, such as the sporing aerobic bacilli, 
' actinomycetes and fungi, exercise a profound antagonistic influ- 
ence on the non-sporing pathogenic bacteria. That is why the 
latter do not sun’ive in the soil. S. brevis, a Gram-positive aerobic 
sporulating soil bacillus, develops an antibiotic substance which 
has been designated tyrothrictn. It is a polypeptide soluble in 
alcohol, but not in water. Tyrolhricin consists of at least two 
components, namely gnrm/cii/w and tyrocidin. Though chemically 
related, their properties differ markedly. Gramicidin is highly 
toxic to the Gram-positive organisms, wherea.s tyrocidin is active 
against both Gram-positive and Gram-negative bacteria. How 
exactly gramicidin acts is not known, but tyrocidin causes lysis. 
Gramicidin is active both in v/vo and in vitro and exhibits only 
low toxicity to animals. Tyrocidin is not active in vivo and is 
toxic to animals, but it appears to contribute some activity to 
the mixture. Several other bacteria are capable of producing 
similar antibiotics, but they are little studied. 

Many species of Actinomyces have been found to develop 
antibiotic principles. Actinomycin A and Actinomycin B are two 
such substances isolated from Actiiwmvces antihioiicus. They 
are soluble in organic solvents and have been prepared in the 
crystalline form. Actinomycin A is a red pigment; it is often 
referred to simply as actinomycin. Actinomycin A is markedly 
bacteriostatic and weakly bactericidal, while actinomycin B is 
mainly bactericidal. Both arc very toxic to animals. Act. lavcn^ 
dula yields during groivlh a substance termed streploihricin which 
is soluble in water and acid alcohol but not in ether. It appears 
to be an organic base and contains iron. It is effective against 
both Gram-positive and Gram-negative organisms and resembles 
tyrocidin in this respect. Unlike the latter, it is of low toxicity 
to animals. Streptomicin is another similar antibiotic isolated 
from Act. triseus. 
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Antibiotic Substances from MooJds. Several moulds, parti- 
cularly of the PcnkilUwn and AspcrgtUus genera, arc found to 
develop antibiotic substances during growth. Of these, pcnkillin 
is the best known and most important. It is produced by 
P. notaium and to a lesser extent by other species, such as 
P, chrysogenum. While it is highly antibacterial, it is practically 
non-toxic to tissue cells. It has. therefore, a high therapeutic 
value. It was accidentally discovered by Fleming in 1929 and 
was subsequently used in the isolation of organisms, like If. influ- 
enracy insensitive to its action. Not until 1940 were its therapeutic 
possibilities begun to be thoroughly investigated. War victims 
provided ample field for large-scale investigation, and soon Us 
therapeutic value m the treatment of battle wounds was estab- 
lished. With the first success, practical steps were taken to 
manufacture it on a commercial scale so as to meet the demands 
arising from war. The demonstration of its value in the treat- 
ment of other infections soon followed. 

Penicillin is readily released into the fluid culture medium. 
From acidulated aqueous filtrate it is extracted with ether or amyl 
acetate. On shaking with dilute bicarbonate or barium hydroxide 
solution, the organic solvent parts with the penicillin which 
forms sodium or banum salt. These are then purified. In the 
dry state the compounds of penicillin are fairly stable. In vitro 
experiments with them provide direct evidence of the bacterio- 
static effect of penicillin ; bacteria under its influence become 
enlarged ano swollen and fail to divide. Different strains of the 
mould yield penicillins which vary slightly in their action; these 
in U.S.A. have been designated F, C, X, K (Penicillin J, Penicillin 
II, Penicillin HI, Penicillin IV respectively in England), the last 
being too unstable for therapeutic application. Rapid advances 
have been made m the isolation and purification of penicillin 
and in the study of its chemistry and range of usefulness. 

The Gram-positive pyogenic cocci, except enterococcus, the 
gas gangrene anaerobes and CL retani, the gonococcus and menin- 
gococcus, S. anthracis, Actynomvees, C diphtheria, T. pailidum, 
T. recurrently and L. icierohaemorrhgla and the virus of lympho- 
granuloma inguinale, are all susceptible to the action of pemcUHn. 
Definitely insensitive to its action arc the members of the 
Bacterium genus, of Proteus, Psettdomonas, Pasturella, Brucella atid 
of Haemophilus and also the enterococcus and Myco. tuhercutosis. 
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As yet there is «o staniJanJ method of assay of the potency 
of pcDiciinn. Estimation of potency is now based on the degree 
of inhibition of growth of standard strains of staphylococci. Jt 
may be done by making comparative measurements of the 
turbidity of developing broth cultures under its action or, what is 
more common, by messurin^ the inhibition of growth on agar 
media. A tentative unit is the Oxford unit — a purely arbitrary 
unit defined ori^nally as the amount of penicHym which when 
dissolved in I ml. of water gives the same inhibitioa (area) as 
a certain partially purified standard solution. For the assessment 
of the potency of a new preparation, the test culture is sown oa 
an agar plate so as to yield a uniform sheet of growth. Short 
glass or porcelain cylinders are then pressed down in the 
medium. One is filled with standard penicillin solution contain^ 
ing one Oxford unit per cubic centimetre and the rest with 
varying dilutions of the new preparation- After a definite period 
of incubation the sizes (diameters) of the inhihltion zones are 
measured; that caused by the standard measures about 24 mm. 
in diameter. From the size of the inhibition zone caused by any 
dilution of the new preparation the number of units per ml. in that 
dilution can be estimated with reference to the standard and from 
this the potency of the original preparation. A provisional inter' 
national unit, which has been recently adopted, is defined as the 
activity of 0 6 micrograms of (he pure crystalline sodium salt 
of Penicillin II or G, a quantity of which is preserved as a 
standard. This unit very nearly approximates to the Oxford 
unit. 

The chemical structure of penicillin is not yet definitely 
known. It appears to be an organic acid, containing nitrogen 
in its structure. It is claimed to have been synthesised recently, 
penicillin is readily soluble in water and certain organic solvents 
like ether. In solution it is very unstable and deteriorates rapidly, 
but when desiccated it keeps for long. Acids, sllraJies, metallic 
salts, alcohols, oxidising agents and heat are all destructive to it. 
penicillin, as now supplied for use, is a highly hygroscopic brown 
or yellow powder with the odour of decomposing grass. It is in 
the form of sodium or calcium salt; the latter is more stable 
and less hygroscopic than fhe former. VVh/ie nomtoxic to tissues, 
its bacteriostatic potency is of a high order; a 1 ; 100 million 
dilution of it the purest form Wtherlo obtainable inhibits the 
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growth of staphylococcus. Thus, it is a powerful chcmolhcra- 
peutic agent. It is also said to be bacfcrictdal. Its activity is 
not interfered with by the presence of pus, blood or serum, 
an advantage over the suIphomamWcs, which considerably enhance 
its therapeutic value. Normal acidity of the gastric juice is 
enough to destroy penicillin: hence oral administration is 
unsatisfactory'. Absorption after intramuscular injection is mpid, 
reaching maximum concentration in blood fifteen minutes after 
injection: intravenous administration does not give rise to toxic 
effect. It can be directly io]ccted into the meningeal, pleura! and 
other serous cavities. Excretion is also rapid, the substance 
appearing in the urine soon after administration. This ncccssh 
tales frequent administration of large doses in order to maintain 
the necessary bacteriostatic concentration in b/oexi which is 
considered to be about one unit per cubic centimetre. 

A total dosage of two to three million Oxford units may be 
necessary for the treatment of severe cases. In addition to the 
infections due to the Cram>po$iiivc bacteria, penicillin is very 
effective in the treatment of gonorrhoea and syphilis; eomplele 
cure has been claimed with relatively short but intense courses 
of treatment. Penicillin has also been found useful in controlling 
sepsis by direct application to wounds and in bacterial infections 
of the skin. For this purpose calcium salt is used m preference 
to the sodium compound, as it is more stable and less hygroscopic. 

Many species of bacteria, such as B. svbiilh and Bact. coli, 
produce a ferment, called penicilUnasc, which is destructive to 
penicillin. Hence solutions of penicillin when contaminated 
with such organisms are rapidly inactivated. This is an addi- 
tional reason why rigid asepsis during the preparation of 
penidllin solution should be ensured. 

‘ Notatin (penatin, penicillin B) is another antibiotic produced 

I by p, nora/um. It is probably a fljvo-protein. It is insoluble in 

' organic solvents and is active only in the presence of glucose, 

f It forms HjO* from glucose and it is this product that is 

J responsible for its antibiotic effect. Notatin is active against the 

j Gram-positive as well as Gram-negative bacteria but is toxic 

to animals. 

A number of other antibiotic metabohles, such as penicidm, 
penicillic acid, patuUn and citrimn, have been isolated from v.'irious 
Species of pcnicilljurn. Not much is known about their properties, 
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Several antibiotic principles are also produced 6v various species 
of the mould Aspergillus, 

The e^act mode of action of the antibiotic substances is not 
well understood, except in the case of notatin. They arrest the 
ffOR/th and muitipJicat/on of bacteria and in vAo this leads to 
phagocytosis. They have no signiheant action on bacterial toxins. 
The bacteriostatic activity of antibiotics far surpasses that of 
the sulphonamides but is less than that of the dyes. With the 
outstanding exception of penicillin and a few others, all the 
antibiotics so far known arc too toxic to be used in man and 
animals. 

Qtmotherapy 

Chemotherapy, as the name indicates, is the treatment of 
infectious diseases with chemical agents. It seeks to cure the 
disease by destroying the invading parasites without causing any 
injury to the tissues. Prevention of infectious diseases by the 
use of chemical agents is also sometimes included in the term 
chCdiotherapy. The immediate atm of chemotherapy, then, is to 
discover such chemical agents. The most important criterion 
^ to be satisfied by them is that they should exert a maximum toxic 
action on the parasite and a minimum to.xtc action on the tissue 
cells of the host. Jn other words, between the effective parasjli- 
cidal dose and the toxic dose ftoxic to the host tissue) there must 
be a wide range, so that the necessary concentration for the 
destruction of the parasite can be kept up in the body fw 
a sufficient time without risk to the host. The destruction of the 
parasite, however, is not an independent action of the chOTkal 
agent. There is ciear indication that the final elimination of 
the invading parasite is the outcome of a combined action of the 
drug and the defence forces of the host. Chemotherapeufic 
remedies may be synthetic ones, Eke sulphonamides, or 'derived 
from naturally occurring substances as in the case of puinine 
and emetine. 

It was Ehrlich who first conceived the idea that it would 
be possible to discover or synthesise chemical agents with strong • 
germicidal properties, which could be injected into the tissues 
in adequate parasiticidal concentration without causing any toxic 
effects Laborious search for such a drug was then begun, 
cataiiiating ultimaWy in ihe discoveiy of salvarsan by Ehrlidi ^ 
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and Hata in 1909. With this started the era of modern chemo- 
therapy. Since then many chemotherapeutic drugs were dis- 
covered but mostly against sptrochaetat and protoroan parasites. 
Examples of such are compounds of arsenic and bismuth for 
trypanosomiasis and syphilis, of antimony for Leishmaniasis and 
schistosomiasis and plasmochin and atcbn'n for malaria. At the 
same time, treatment of infections with coal-tar dyes also received 
attention, though it was not attended with much success. But it 
was not until recently that chemotherapy made any headway 
against parasitic bacteria. 

The period of successful chemotherapy in bacterial infections 
was ushered in by the great discovery of Domagk. He found 
(1935) that the azo dye prontosil had marked chemotherapeutic 
activity in infections with haemolytic streptococci. This was 
followed by a phenomenal progress in this field of treatment and 
soon after Domagk's publication the active group of prontosil, 
the p-aminobenzene sulphonamidc (sulphanilamide), was dis- 
covered. A series of allied compounds known as sulphonamidcs 
were then synthesised within a re/ativefy short time, which were 
less toxic and more potent not only in streptococcal infections 
but also in many other bacterial diseases. To the common 
sulphanilamide group in these derivatives arc attached different 
radicals which impart to the compounds different degrees of 
solubility, dissociation, toxicity, rate of absorption and excretion, 
all factors of vital importance in determining their practical value. 
As the result of these investigations, the clinician has now at his 
command some of the most remarkably effective drugs in the 
treafmeni of many serious and common bacteriat diseases. 
Sulphonamidc, sulphapyridine, sulphalhiazol, sulphadiarine and 
sulphaguanidine are some of the best known and most useful 
of such substitution products; in all these, sulphanilamide is the 
active group. 

All evidence tends to show that the suJpJjonamides inhibit 
the growth of the sensitive organisms both in »7vo and in ivVi-o. 
Many factors influence the in vitro action ; the concentration of the 
drug, quality of the medium and the number of organisms present 
are some of these. All contpounds, with the exception of 
sulphaguanidine, are rapidly absorbed from the alimentary tract, 
chiefly from the small intestine. Absorption after parenteral 
therapy and excretion are likevdse very rapid, making it necessary 
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well understood, except in the case of notatin. They arrest the 
growth and mwJtipJical/on of bacteria and in vivo this leads to 
phagocytosis. They have no steniheant action on bacteria! toxins. 
The bacteriostatic activity of antibiotics far surpasses that of 
the sulphonamides but is less than that of the dyes. With the 
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and Hata in 1909. Wilh this started Ihe era of modern chemo- 
therapy. Since then many chcmotherapcujjc drugs were dis- 
co\ercd but mostly against spirochactal and protozoan parasites. 
Examples of such arc compounds of arsenic and bismuth for 
trypanosomiasis and syphilis, of antimony for Leishmaniasis and 
schistosomiasis and plasmochin and atebrm for malari.a. At the 
same time, treatment of infections wjth coal-tar dyes also received 
attention, though it was not attended with much success. But it 
was not until recently that chemotherapy made any headway 
against parasitic baclena. 

The period of successful chemothempy In bacterial infections 
was ushered in by the great discovery of Domagfc. He found 
(1935) that the azo dye prontosil had marked chemotherapeutic 
activity in infections with haemolytic streptococci. This was 
followed by a phenomenal progress in this field of treatment and 
soon after Domagk's publication the active group of prontosil, 
the p-aminobenzene sulphonatnidc {sulpharjllamidc), was dis- 
covered. A series of allied compounds known as sulphonamides 
were then synthesised wuhln a relatively short time, which were 
less toxic and more potent not only in streptococcal infections 
but also in many other bacterial diseases. To the common 
sulphanilaraide group in these derivatives arc attached different 
radicals which impart to the compounds different degrees of 
solubility, dissociation, toxicity, rate of absorption and excretion, 
all factoR of vital importance in determining their practical value. 
As the result of these invesugatioos, the clinician has now at his 
command some of the most remarkably effective drugs in the 
treatment of many serious and common bacterial diseases. 
Sulphonamidc, sulphapyndine, sulpbatbiazol, sulphadiazine and 
sulphaguanidine are some of the best known and most useful 
of such substitution products, lo all these, sulphamlamide is the 
active group. 

All evidence tends to show that the sulphonamides inhibit 
the growth of the sensitive organisms both in vivo and in vUro. 
Many factors influence the m vitro action; the concentration of the 
drug, quality of the medium and the number of organisms present 
are some of these. All compounds, with the exception of 
sulphaguanidine, are rapidly absorbed from the alimentary tract, 
chiefly from the small intestine. Absorption after parenteral 
therapy and excretion are likewise very rapid, making it necessary 
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to administer large doses at regular intervals in order to maintain' 
the optimum bacteriostatic level (about 8-12mg. per'IOnml.). 
The activity of these compounds is markedly diminisheo' in the' 
presence of pus. They may also give rise to toxic 'symptoms. 
Underdosage often leads to the development of resistant strains 
of the sensitive species. 

The action of sulpfaanilnmide is bacteriostatic and not 
bactericidal. The drug checks the proliferati\e functions of 
bacteria which are thus compelled to remain quiescent in the 
tissues. The work of destruction is then completed by the 
defence forces of the body, particularly through phagocytosis by 
the cells of the macrophage system. Sulphonamides have very 
little effect on bacterial toxins. 

■ How sulphonamide brings about bacteriostasis is not clearly 
understood. The hypothesis of competitive inhibition has been 
advanced to explain the mechanism. According to it, sufphanil- 
amide interferes with the groulh of bacteria by depriving them 
of the use of ferments necessary for metabolism or of substances 
essential for the building up of the cell substance, This may be 
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a general 'mechanism applicable to the action of many other 
bacteriostatic substances. In order to make it clearer, it is 
necessary to recall certain aspects of bacteria! nutrition, dealt 
with Ih the chapter on the physiology of bacteria. 

Bacterial nutrition depends upon the actirity of several 
enzymes elaborated by the bactena. With the aid of these 
ferments the organism builds up from the surrounding substrate 
the cell substance and produces energy. It is a complex 
'process involving the formation of several intermediate products 
which serve as building units. These building materials arc 
usually synthesised by the organism itself through the intervention 
of en 2 ymes. Such of these materials ns «rc indispensable for 
growth, for instance certain amino acids like tryptophane, have 
been termed essential metnhoUtet (c.f.). Any interference wllli 
the en7ymic system inevitably leads to a failure of production of 
the concerned metabolite, resulting in the arrest of growth. 
Parasitism has circumscribed the eniymlc system of the patho- 
geoic bacteria and (hereby lowered their synthetic powers. It fs 
a well known fact that even among the pathogens the synthetic 
activity varies widely, some of them being more ciacting in their 
food requirements than others. This is because such exacting 
members are lacking in such ferments as are necessary for 
preparing certain essential metabolites. For their growth, there- 
fore, prc'formcd metabolites have to be supplied. For example, 
tryptophane is essential for the building up of cell substance. 
By its own enzymic system Bact. coU is able to elaborate it from 
such simple nitrogen-containing substances like ammonia. In 
contrast to it, Bact. typhosum, occupying a higher position in the 
scale of parasitism, Is often unable to synthesise tryptophane, 
as it is not equipped with the necessary enzymic system. Hence, 
for its growth tryptophane h.is to be supplied in the culture 
medium Such essential metabolites which an organism is unable 
to synthesise for itself have been called groiviA /actors. 

It has been postulated that the action of sulphanilamide is 
the result of a competition of the compound with an essential 
metabolite, p-ammobenrotc acid, for the specific ferment. The 
close structural similarity of p-aminobenzoic acid and sulphanil- 
amide favours this suggestion. When the drug is in sufficient 
concentration it wins in the competition, thereby depriving the 
organism of the use of the concerned ferment and suspending 
8 
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that stage of the metabolic process. Thus, the organism 'is starved 
and growth is at a stand still. The action is, therefore, really due 
to a superior avidity of sulphanilamide for the ferment. There is 
some experimental data in support of, this theory. - Extracts of 
haemolytic streptococci or of yeast neutralise the action of sulpha- 
nilamide. i,This neutralising principle in yeast -was found to be 
p-.minobenzoic acid. This substance onany other that is capable 
of yielding it on hydrolysis can in vitro nullify. the bacteriostatic 
.activity of sulphanilamide. Presumably, p-aminoben^oic acid 
plays an essential part in the anabolism of most bacteria, but 
.many of them are capable of synthesising it for themselves. 

The failure of culture of blood, urine and other effusions, 
taken when the patient is under sulphonamidc therapy, -is only 
to be .expected. Sulphonamidc is present in these materials ia 
sufficient concentration to inhibit the growth of the organism and 
account for the failure of culture. Addition of the antagonist, 
p*aminobenzoic acid, to the culture medium is found to abolish 
this inhibition effect. A concentration of 5 mg. per 100 ml) of the 
•culture medium is sufficient for this purpose. This provides aa 
indirect, proof of the antagonistic action of p-aminobenzoic acid. 

, The theory of competitive inhibition is of great significance 
as it offers an approach to the intimate mechanism of chemo- 
therapy. Studies on other growth-promoting factors and their 
chemical analogues indicate that the theory is of wider applies* 
biiity. For example, pantothenic acid is necessary for the growth 
of certain bacteria like Streptococcus pyo^enss and the pneumo- 
coccus.. Pentyltaurine, a sulphanilamide analogue of panto- 
thenic acid derived by substitution of — SOjNH* for a COOH 
group in the parent substance, was found to be inhibitory to these 
organisms. Limited experiments also tend to show that this 
theory may be valid even in the case of higher forms of h e. 
Thus, it is possible to induce vitamin deficiency in experiraenta 
animals by feeding them with an analogue of the vitamin. 



CHAPTER virr 

THE NORMAL FLORA OF TilE HUMAN BODY 


In consonance with their ubiquitous nature, micro-organisms 
are found everywhere on the exposed and freely accessible parts 
ot the human and animal bodies. The study of their nature and 
number has received serious attention only recently. Though the 
type of organisms varies somewhat among communities living 
under different conditions of diet and climate, nevertheless, there 
is a remarkable constancy everywhere in the'basic bacterial flora 
peculiar to each exposed region. For instance, Bact. coVt is 
a native inhabitant of the intestinal tract and Staph, albus of the 
skin all over the world. It appears, therefore, that there are 
certain basic types which are not under the influence of changing 
conditions nnci others which are likely to be aflected by varying 
conditions of diet, climate and other factors. Exotic species 
coming to any of these situations may And the soil uncongenial 
for permanent colonisation and so do not remain there for more 
than a transient period. The native inhabitants may also resist 
any such intrusion by new comers. 

Many of these native microbes arc harmless, but a few are 
potential pathogens. A son of cquilibnum has apparently been 
established between the latter and the host species. Normally 
the potential pathogens are unable to pierce the natural defence 
forces of the body, such as the intact skin, the mucous investment 
and the normal secretions, and only when there is any interference 
with the natural resistance in some manner do the potential 
pathogens invade the tissues and cause infection. Under natural 
conditions whether the bacterial flora exerts any beneficial roic 
is not clear. 

The nature of the native bacterial flora of any one locality 
..depends upon many environmental factors. For example, diet 
and gastric acidity, which largely determines the pH of the 
various intestinal levels, exert a profound influence on the nature 
of the gastro-intestinal flora. Again, marked differences jn the 
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normal intestinal flora arc noted between the herbivorous and 
carnivorous animals. A low gastric acidity tends to increase 
the bacterial population oT the gut and permit a further upward 
spread in the small intestine. 

Alimentary Tract, Large number of organisms are ordinarily 
present even in a healthy mouth i they are of diverse kinds. Hie 
conditions in the mouth are very favourable for the growth and 
multiplication of bacteria. The remnants of food and desqua* 
mating epithelium provide the necessary food. Abnormal condi- 
tions of the gums and teeth arc often present, affording suitable 
soil for their flourishing. There is a large influx of organisms 
into the mouth through food, drink and air. .Against these there 
are at work many slenh'sing mechanisms, making the sojourn 
of such bacteria iij the mouth transient. Though the saliva is 
only feebly bactericidal, its constant flushing actionis an important 
factor in keeping down overpopulation of the mouth with bacteria. 
The abundant blood supply of the oral mucosa is also iniinicaJ 
to fresh bacterial colonisation. Further, there is a constant 
suction current towards the oesophagus, whereby organisflH 
entering the mouth are drawm in towards the oesophagus, avoiding 
the surrounding walls. Organisms that are swallowed are cife* 
ctively dealt with in the stomach. 

commonest organisms forming the fixed flora of the 
mouth are Micrococci, chromogenic and achromogenic; staphylo- 
cocci of the albus type; streptococci, belonging to the viridaos and 
inert types; Gram-positive bacilli, belonging to the group of aeidune 
bacilli or of aerobic sporc-bcaring bacilli; Gram-negative bacilh, 
including members of the cofiform and Proteus groups; spirocbael^ 
of diverse kinds and organisms of the Actinomyces group. 

The intestines at birth are sterile but are soon invaded by 
bacteria both from above and below. The intestinal flora of 
breast-fed infants consists largely of LactobaciUus bifidui They 
may form about 99 per cent, of the total bacterial content in th* 
early weeks of life, the rest being made up of enterococri 
coliform bacilli. In bottle-fed infants, on the other band, A* 
bacterial flora is much more complex. LactobaciUus bifidus 
uncommon; its place js taken up by the related Lactoha^^ 
acidophilus^ and in addition eaterococcU coliform bacilli 'fha/t 
are present in large numbei^, aerobic and anaerobic spore-tonn^ 
are ?!! found in varying numbers, ‘ 
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'In the adult, except under abnormal condition,- the empty 
stomach is generally sterile. Most of the organisms swallowed 
with food and saliva arc destroyed in the stomach. The survivors 
find the environment of the duodenum and jejunum with a pH 
of 5 *5-6 '3 very uncongenial and these regions arc, therefore, 
pmctically sterile. Further down, b.acteria begin to appear, and 
with increase in pH their number also incre.-ises till the maximum 
is reached in the large intestine. A few enterococci may be found 
in the upper part of the small intestine, but in its lower part 
numerous other types, like those of the coliform group and 
staphylococci, are also encountered. The microbial content of 
the large intestine consists of organisms of the colon group, 
enterococci, Staphylococcus albus and aureus^ sporc*bearing 
anaerobes HketT/. ^elchu and^/. puirijicum, ^ciduric bacteria 
such as L. acidophilus, thermophilic bacicria, spirochaetes and 
yeasts; less constant are Proteus, Pseudomonos pyoeyanea, organ* 
isms of the Friedlandcr group and aerobic spore*formcrs such as 
B. subtilis and B. mesentericus. 

Respiratory Tract. The nasal portion of the upper respiratory 
tract has smaller number of orgamsms and fewer varieties than 
the nasopharynx. Staphylococcus othus and diphtheroids are the 
common types seen in the nasal passages, while the green and 
non-haemolylic streptococci and Gram-negative cocci of the 
N.phjryngis type form the native bacterial flora of the nasopharynx 
and tonsils. The latter regions may contain in addition several 
other species, mcludiug pathogens like pneumococci, haemolytic 
streptococci and H. injluenzae. But these arc not so well estab- 
lished and their inclusion in the basic bacterial flora of these 
regions may not appear Mly iasUhed. The trachea, bronchi and 
the accessory nasal sinuses arc normally sterile. Before the 
inspired air reaches the vocal cords, bacteria and other particulate 
bodies are rapidly removed from it by several agencies, such as 
the tortuous nasal passages, obstruction olTcred by, hair, ciliaiy 
activity, action of mucus and disposal via lymphatics to the 
regional lymph nodes ; lysozyme is also present in the nasal mucus 
and recently a virus inactivating agent (VIA), distinct from 
lysozyme, has been reported as occurring in the normal secretions 
of the nose. The removal of bacteria is so efficient that the. 
expired air is almost free of bacteria. 
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Geiiifo-Urinary Region. The vulva of the new born infant 
IS sterile. The bacterial flora of the adult vulva is distinct from 
that of the vagina. The former consists of: pseudo-diphtheria 
bacilli, Micrococcus tefrasenus, coliform bacilli, various faculfafi^'c 
anaerobes, orgarusms derived from the vagina, yeasts, certain 
obligatory anaerobes and the smegma bacillus. The ’vagina of 
the newly born infant is sterile, but organisms make their appear- 
ance in a few hours. Save for a transient period after birth, up to 
the time of puberty the vagina! secretion is alkaline in reaction 
and a rich bacterial flora is present consisting of staphylococci, 
viridans and indifferent streptococci, coliform and diphtheroid 
bacilli and anaerobic streptococci. From the time of'pubcrty 
the secretions become acid due to the glycogen present in the 
epithelial ceJJs of. the vaginal wall and Doderiein's haciUos 
permanently colonises the vagina, forming the predominant flora. 
After the menopause there is a reversion to the condition obtained 
before puberty. 

In the preputial secretions of both males and females are found 
the saprophytic Myco. smegmath. The urethral meatus of the 
male may contain staphylococci, diphtheroids and a short Gram- 
negative diplobacillus; the female urethra is either sterile or 
harbours a few harmless cocci. 

Skin, Numerous types of organisms may be present on the 
surface of the skin. Some of them seem to penetrate into the 
sebaceous glands and make a permanent abode there. Several 
varieties of Staph, albus. Staph, auret/s, Sarcinae, diphlheroidsand 
occasionally coliform and Proteus baciffi constitute the characte- 
ristic bacterial flora of the skin. In addition to forming art effective 
mechanical barrier, the skin is also actively bactericidal and 
destroys any adventitious bacteria that are deposited on U. 

In the skin lining the external auditory meatus are found 
Staphylococcus albus, diphtheroids and saprophytic arid-fast 
bacilli. Certain members of the Pseudomonas group are often 
found as permanent denizens of this region. Diphtheroids, 
notably C xerose, are the chief inhabitants of the conjunctival 
sac. constant Hashing action of the tear and the destructive 
effect of the lysozyme content of it account for the fewness of 
organisms in this situation. 
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Water plays a dominant role in the transmission of many 
important intestinal inrections. In order to preserve the health 
of a community, therefore, there is an obvious need for controJlIns 
its drinking water supply. With the increasing recognition of 
this fact, the question of water sanitation is acquiring greater 
importance. The isolation of pathogenic bacteria from water is 
laborious and often impracticable. Nor does a negative result 
of any such examination constitute a conclusive proof 6f the 
absence of such organisms. Conscquenily, it does not form 
p.art of the routine water analysis. What is sought for is to obtain 
some indirect evidence of the possible presence of pathogens in 
the water, Excretal pollution, as reflected by tbe presence of the 
colon bacillus in a water source, is accepted as providing this 
evidence. But natural waters contain a variety of micro*organ!sms 
and a bnef consideration of these is necessary for 'a better 
understanding of the problem of water sanitation. 

The bacterial flora of the natural waters may be conveniently 
classified into tw’o groups: those that form the normal natural 
inhabitants of water and those that may find their way into it 
from extraneous sources, mainly air, soil and excreta, and make 
their abode of water for varying periods of time. Our knowledge 
about both 'these groups of organisms, especially of'the former, 
is very meagre, as it is difiicult to grow them in artificial culture 
media. The native water bacteria have been grouped as follows: 

I. Higher bacteria, frequently the sheathed forms placed in 
the Chlamydobaderialcs and including the sulphur and 
^ iron bacteria. , , ^ ^ 

‘ 2. The Coulobaeterh, usually occurring in lakes and other 

bodies of water. 

3. The spirochaetes, very long fonns may be encountered. 

4. A variety of badlli : , ^ f . . . < . 

■' (a) Fluorescent— /'jCttt/owiwfos fluorescens. 
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(A) Chromogenic, forming dilTcrent types of pigroenls- 
Chr. prodigiositm, Chr, vlolaceum^ Chr. aurescmi, 
and others. 

(c) Non-chromogenk— members of the Mmmobade- 
riutn group,. thcnnophiles, aerobic spore-fonning 
bacifti of unknown taxonomic position, and 
others. ‘ 

5. Cocci— Chromogenic, such as Sarc'ma luica, and non* 
chromogenic, such as Micrococcus aquailUsy Micrococcus 
candkam and others. 

C, Nitrogen-rixing bacieria— aqUatik. 

7, Nitrifying bacteria — ^like Nitrosumonas and NilrobacUr. 

These atjualic microbes are found in all types of. natural 
waters, in tanks, lakes, rive« and wells. Recent studies tend to 
show that the bsctccial popuhihns of seawater are sitnllar to those 
of other natural waters. The natural waters undergo constant 
fluctuations in their organic content and correlated with such 
changes are also encountered fluctuations of their bactenat flora. 

Many of the water bacteria are difficult to grow in the labo* 
raiory media; special conditions of growth are necessary for 
Iheir cultivation. For instance, the growth of the nitrifying 
bacteria is inhibited by the presence of organic matter. Again, 
the number of organisms is found to increase on preservation of 
water in the laboratory for a few hours. For these reasons even 
under the best of condiiions, plate counts offer but imperfect 
data regarding the actual number of organisms present. ;,But 
it is not so very important from the point of the potability of 
water, as the contaminating organisms, that are likely to be 
injurious on swallowing, grow with relatively less difficulty under 
laboratory conditions than the natural water bacteria. 

Contaminating Organisms in Natural Waters. In , addition 
to the native microbial population, diverse forms of bacteria arc 
usually present in natural waters as contaminants from external 
sources. Such sources arc air, soil and excreta, chiefly human. 

Bacteria in the air remain attached to the dust particles, and 
a close correlation is said to exist between the' number of bacteria 
found in the air and the number of suspended 'dust particles 
present in'it. Hence, the heavily dusviaden atmosphere of cities 
contains a much larger bacterial population 'than^ the, air id the 
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open country. Fewer organisms are present in the mountain air 
than in the air of the planes and practically none in the air over 
mid'Occan. Air is being continuously replenished with microbes 
from the respiratory tract, through emanations from the surfaces 
and through blown up dust from the soil. But it is also being 
constantly purified to some extent by the sun’s radiations; this 
natural sterilising action is probably more marked in the tropics. 
The types of organisms present in the air may exhibit some slight 
vanation m different localities. For example, the air in the 
vicinity of hospitals and dw'ellmgs may contain pathogenic 
organisms, like the tubercle bacilli, smallpox virus and the 
pyogenic cocci, and serve as a medium of tr.ansmission of infec* 
tion. But such vanationi arc too trivia! to make any appre- 
ciable effect on the gencm! bacterial flora , nor do they render the 
general air unwholesome. Certain organisms are commonly 
present in the air. They arc the various species of moulds and 
yeasts, aerobic spore-formers, like B. subnlis, and various micro- 
cocci which are often pigmented These air microbes settle down 
in the waters along with the anchoring dust and arc also carried 
down by rain. 

Soil is another extraneous source from which water derives 
its microbial contamination. U is a great repository of innume- 
rable kinds of micro-organisms, collectively called soil bacteria. 
A gram of average field soil has been computed to contain 
100-50,000 million living bacteria. They mostly reside in the 
upper six inches of soil ; below a depth of about four to five feet 
organisms are scanty. These sod denuens are of diverse kinds 
and include the various types that are concerned with the decompo- 
sition of organic matter in the soil, the nitrifying and the mtrogen- 
fixing bacteria, organisms of the amylobacter group, various 
species of actinomyces and the anaerobic and aerobic spore- 
formers A few species of the soil bacteria, like Chsiridium 
leiani, the gas gangrene organisms and Clostridium boiulimm, 
are potential pathogens Soil is also being constantly contami- 
nated with organisms from animal and human sources, parti- 
cularly through excreta and decomposing infected carcases. 
Among these may be such important pathogenic organisms like 
y. cholerae, the dysentery bacilli, the enteric group of organisms, 
Brucella organisms, streptococci. Past, pestisy the anthrax bacillus 
and others, but most of these perish rapidly in the soil. ‘One 
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exception to this is the anthrax bacillus, the spores of which are 
able to survive for several years. There is some dispute about 
the fate of the enteric and the cholera bacilli in the soil; 'they 
tnay rcrnain quiescent (without multiplying) in the soil possibly 
up to two or three months. 

■ The contribution of soil to the germ population of water 
is far more substantial than that of air. Being always in direct 
contact with soil, natural waters derive from it a perpetual supply 
of their bacterial content. Rain water flowing into them also 
brings in a periodic supply of bacteria from the soil. The water 
flowing over the surface is more prolific of bacteria and more 
dangerous than the percolating water as the latter undergoes 
natural filtration through several layers of soil. Organisms of 
Cxcretal origin may gain access into the water supply in two ways; 
indirectly after a temporary sojourn in the soil and directly into 
the water. As mentioned above, they do not multiply in the 
soil. Contamination of water by the organisms present in the 
soil, particularly with those derived from the human intestines, 
bas considerable significance from a sanitary point of view. 
When taken by the mouth the potential pathogens, like the tetanus 
and gas gangrene organisms, do not usually cause infection, but 
it is not so with the intestinal pathogens whose normal portal of 
entry is the gastro-intesiinal tract. Contamination of 'water 
with the latter is very dangerous. 'Hiat is why great importance 
is attached to the preservation of water sheds and surroundings 
of wells and tanks free from excretal pollution. Apart from the 
fact that faecal bacteria may be washed by rain water directly into 
natural waters, certain intestinal pathogens, like the enteric 
bacilli, gain access into shallow wells and reservoirs from adjoin* 
ing privies, latrines and cesspools by way of ground water. It 
has been found that under suitable conditions faecal organisms 
may be carried to very great depths in the soil, 100-200 ft., by 
ground water. 

Contamination of natural waters with excreta may also take 
place directly. This is the most dangerous form of pollution 
from the standpoint of public health. Sewage may be directly 
let into rivers and lakes. The habit of bathing and washing in 
the tanks, rivers, lakes and in other collections of surface water 
alsD...leads to direct contaminatioo of these with organisms of 
inteitinhl origin. The great danger is from -pollution of water 
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with human excreta; pollution with animal excreta is seldom 
risky, as only very few infections of animals arc transferable (o 
man. Evidence of contamination of natural waters ssith excreta 
is provided by the presence of Bact. coU, C/. iic/c/«'i and Sir. 
faccaHi, all normal inh.ibiianls of the intestines. The intestinal 
pathogens may be present only in very small numbers and it is 
difTicuU to detect them. It may also be remembered that faeces 
may be from healthy indniduals .and pathogens need not be 
present at all even when the water may show the presence of the 
normal bacterial flora of the gut. 

Sewape. Sewage js a dilute solution of faecal matter and 
other waste products of a community. U contains plenty of 
complex organic matter sshich forms an ideal pabulum for the. 
growth and multiplication of micro-organisms. Naturally, many 
organisms contained m sewage belong to the intestinal group, 
both normal as well as parasitic and pathogenic, such as those 
of the Bact. coli group, Sfr. faccahs, d. welehii, and probably 
Baet. typhosum and K cholera. Others belonging to the sewage 
proper are Proteus \ulparis and the anaerobic spore-bearing bacilli, 
like C/. sporogenes. Sewage is thus an important vehicle of trans- 
mission of infection of the water-borne type and its effective and 
timely disposal is a pressing sanitary problem. Whatever the 
process of treatment of sewage, the baste action is one of bacterial 
activity. The complex compounds arc transformed by decompo- 
sition and oxidation through various intermediate stages finally 
into simple compounds, like carbon dioxide, water and nitrates. 
In this process the pathogenic bactena are not involved. Their 
survival time in water and seivage is probably less than that in 
soil and during disposal delicate pathogens, like the typhoid 
bacillus, do not multiply but tend to disappear rapidly, probably 
within a few days or weeks. Hence, it is obvious that fresh 
contamination of water with sewage is more dangerous than past 
contamination, ft is also not safe to assume that the effluent 
matter after treatment is entirely free from pathogenic bacteria, 
unless chlorination or some such antiseptic process has been 
employed in the final stage of treatment. 

Water for drinking purposes is obtained from various sources, 
all classified under two groups; surface water and deep water. 
Rain water derives its contamination only from the atmosphere 
and is probably the purest natural water. Other surface waters 
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arc those found in riven, lakes, tanks and shallow wells. Deep 
waters are those of deep wells and springs. The bacteria! content 
of a water depends upon its type. Surface waters will contain 
greater variety and numbers of microbes than deep waterst for, 
the Farmer being on the surface arc subject to direct and heavy 
contamination, whereas the latter, in their passage to the under- 
ground strata, have undergone natural filtration through several 
layers of soil, after which the chances of gross pollution are few. 

Several physical and biotogicai factors arc likewise concerned 
in determining the bacteria! content of waters. Food supply is 
the most important of these. The number of organisms present 
in a given water depends upon the amount of organic matter 
(decomposing plant and animal matter) present in it, serving as 
food; the greater the amount the larger the number of microbes. 
Temperature is anoihcr tnilucncing factor. At low temperatures 
bacteria do not multiply and »o their number is held in check. 

A warm temperature favours rapid muitipjjcafion of bacteria 
provided there is suOicient organic nutriment in the water. 
Pathogenic bacteria, like the typhoid bacillus, arc unable to 
survive long in the presence of tapsdiy niuUip)y!ns saprophytes 
but are quickly destroyed. Special waters will have special types 
of organisms; for instance, in hot springs and sulphur springs 
thermophilic and sulphur bacteria respectively will naturally 
predominate. Bacteria m the surface layers of water are also 
being constantly destroyed by the sun's rays (actinic rays), thereby 
tending to keep down the number This stenlising action of 
sunlight is more marked in the tropics where it is often utilised 
as a preliminary process tn the publication of water by slow 
fUttalion. Two other factors that undoubtedly play a role in 
purifying natural waters, at least some types, are the acidity and 
the saline content; both tend to limit the number. The inBuence 
of rainfall and natural tiltration has been previously referred to. 
Again, in some waters at least, bactenophage exerts a lethal and 
consequently purirying e/Tect. An example of this is the remark- 
ably destructive effect of the Ganges water on K cholerae. 

The bacterial content of ice depends largely on the numbers 
nresent in the water from which the ice is formed. TTic majority 
of bacteria arc killed when water is frozen. The rest of them 
remain viable for varying periods, bat they do not seem to multi*’ 
jy This is also true of some of the pathogenic bacteria. Less i 
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than one per cent, of the typhoid b.id!|j has been found to survive 
aRer a week’s freezing. Ice, therefore, cannot be considered 
entirely safe. Six months’ preserving seems to make it sterile. 
Ice and ice products, like icc cream, may ser\e, though rarely, 
as tnansmitling agents of ty^thoid infection. 

Bactcilological Analysis of Water- From what has been said 
above it will be clear that water may contain pathogenic organisms 
in addition to various saprophytic microbes both native to it 
and derived from extraneous sources. It i«, therefore, unsafe to 
use any of the natural waters, particularly the surface waters, 
for drinking purposes without investigating the nature of its 
bacterial flora and without punf'cation, if found necessary. The 
relative fewness of the p.athogenic germs in the excreta, their great 
dilution in water and the predominance of the non-pathogcnic 
flora all make the direct search for the pathogens extremely 
difficult. Usu.ally it is not attempted in the routine bacteriological 
analysis of water. Sometimes it may become necessary to do It 
when special methods have to be employed. Exeretal pollution of 
any water is accepted as contraindicating its use for drinking 
purposes and the presence of Sac/, coli, Cl. welchft and Str. 
faecalis is reg.irded as indicative of such pollution; by themselves 
these organisms, it may be noted, are not harmful. Though all . 
these organisms are always present when there is faecal pollution, 
the latter two are less numerous than Buci. coU. Enterococci 
and Bact. coli, though hardier than the typhoid bacillus, do not 
survive for long. Besides, the difTcrentiation of the streptococci 
is often difficult to make. Also, the presence of spores of Cl. 
yvelchii, as they remain viable over long periods, does not indicate 
whether the contamination was a recent or a remote one. The 
demonstration of Bact. coli is also relatively simple. For these 
reasons Bact. coll is taken as the best indicator of faecal pollution. 
Hence, the immediate object of testing a water sample is to dis- 
cover the presence, and probable concentration, of Bact. coli 
in it. A simultaneous examination for the detection of Cl. welchi! 
and enterococci is also undertaken. In many laboratories the 
enumeration of the total bacterial population of water samples 
also forms part of the routine test. 

The search for the presence of Bact. coli is based on the fact 
that this organism ferments lactose, producing both acid and gas. 
The usual procedure is to determine the presence of absence of 
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ooliforiu bacilli in the sample and, if in the affirmative, to make 
a quantitative as well as' qualitative estimation of them. 
MacConkey’s 'broth is inoculated with 50c.c., lOc.c., I c.c. and 
0*1 c.c. of the sample, inoculating a set of five tubes with each 
volume except the first." After incubation at 37" C. for two days 
the tubes are examined. Fermentation with the production of 
acid and gas indicates the presence of the coli group of organisms. 
-The result is reported in one of two ways: collform organisms 
present in 10 c.c., absent from I c.c., or in terms of the probable 
number 'Of these organisms per JOOc.c. (presumptive coliform 
test), which is calculated from the number of tubes in which 
fermentation has occurred with the production of acid 'and, gas. 
For this purpose a probability table has been worked out and a 
reference, to it will give the presumptive coliform count. The 
coliform count offers an approximate measure of the extent of 
faecal pollution in the water. If the count is beyond a prescribed 
limit of safety, the next step is to make a qualitative analysis of 
these coliform types. For this purpose materials from 2 or 3 
positive tubes containing the smallest quantities of water are 
inoculated on a suitable solid selective medium, such as 
MacConkey’s agar. After incubation for a day, 2 or 3 aejo 
colonies are picked from each plate and subcuUured .separately* 
These cultures arc then studied with reference to motility, Gram s 
stain and biochemical reactions to differentiate between Bad. co , 
intermediate and aerogenes-cloacae types (p. 424). 

Colifonn Bacilli. All the colifom. becilli that are foeirf . 
water do not form a homogeneous group. Nor are “ytart 
inhabitants of the intestines. Boer. coU .s a normal inhaMM 
of the animal or human intestines; it seldom leads .a 
existence and its presence in water is regarded as a sur P 
recent faecal pollution. The related Boer, oerog^ie,, enotto 
colifonn organism that- may be found in 
to be mainly distributed in grains, dust, soil and ofter 
Tf has also frequently been isolated from the faeces, 
such as the iittermediate. Bad. cJouccr and the ’ 

fiUn most probably non-e.xcretal in origin. Hence, ^ J 
u rVrs recard that the presence of the aerogenes-inlennediale 
authorities r g sewage or excretal conlami- 

gronp IS mdic '' „ „„ sanitary significance. In 

.;rr" ?h"ey fnnid alone wilhou, faeca. coii. B -naf 
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mdicatc one of iwo thinss; cilherconfaminalion has occurred wijh 
soiJ or faecal pollution has occurred in a siifricjenlly remote past, 
causing the disappearance of all faecal coli. Their great preponder- 
ance over Bad. coU m a water mav also sometimes be more in 
favour of soil pollution, the coh being regarded as of animal 
origin, or a remote than of recent faecal contamination. These 
types arc found more frequently and in rclatncjy larger numbers 
tn the tropics, presumably because ot greater opportunities of 
pollution with dust and soil. It is mjiniaincd that no special 
importance need be attached to sacli fittJmgs, buf the deciding 
factor in such cases should be iht number of faecal coli. In such 
circumstances, therefore, much rclunce should not be placed 
on the presumptive eoliform count, bui qualitative estimation 
.should be proceeded vviih. 

It may not be safe, however, lo pl.ice too much emphasis 
upon the difTerenttaiton between Baer ioh and the acrogenes- 
intermediate group in rouimc water analysis CoMorm bacilli 
of any type are practically absent from virgin soils On the 
other hand, Bad aerxi^enes has been often isolated from faeces and 
urine. Also, this organism has not been universally absolved 
of all pathogenic role. It has been argued that Bad. aerogtnes, 
being more hardy, survives over long periods in soil and water 
and that the less resisiani Dad. o>h dies out quicker than the 
former. But that alone is insuHicicm tcslinioiiy to assume that 
when only the aerocencs and intermediate forms are present it 
negatives recent pollution For the above reasons it may not be 
wise to regard their presence as altogether unimportant till we 
know more about their ecology and role m health. 

Plate count forms part of the routine water analysis. An 
estimation of the total number of all types of organisms present 
per cubic centimeter of water is made. Tbough it is only a less 
reliable index of faecal pollution than the eoliform count, it is of 
some value. A grossly abnormal number of organisms in any 
water, even though they may be saprophytes, renders it unwhole- 
some for drinking purposes. Mention Iws been made before 
that many of the water and soil bacteria do not grow in the usual 
media used for water anslysis and consequently the plate count 
does not give a correct estimation of all the bacterial population 
of water. Further, bactena often remain in aggregates, either 
alone or clinging to decaying matter; such a group would give 
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rise to only one colony, leading to a totally erroneous count. 
Also, not all bacteria present may be viable. 

The medium employed is a standard nutrient ajar. Pour 
plates are made with different quantities of water, 0*01 c.c., 
0‘I C.C., and 1 -Oc.c, using 1 -Oc.c. volume of decimal dilutions. 
Duplicate sets of plates arc inoculated; one set is incubated st 
20* C. for three days and the other at 37* C. for two days. 
Nutrient gelatin may he employed instead of agar for the set to 
be incubated at 20* C.: it is superior to agar for the growth of 
the saprophytic organisms but diOicuft to work with under tropical 
conditions. After incubation, the number of colonics in each 
plate is counted. The result is expressed as the average per cubic 
centimetre for the hot and cold plates separately. 

In order to arrive at a corfect jnierpretarion of the Tesu]ts, 
it is necessary to take cognizance of several attendant circuni- 
stances. A correct sampling anu great technical efficiency are 
both very essential. It is necessary to know the nature of the 
source, whether it is surface water or deep water and whether 
there has been any recent rain or flood. Detailed informatioo 
about the source of water and its environments and a knowledge 
of the topography of the gathering ground are also very impor ant. 
The possibility of contamination with animal or bird excreta 
containing the coli group of organisms should be kept in riew. 
Sources of water in the vicinity of pastures and heavily manured 
fields arc likely to contain /lacL coii and if this is not taken rate 
consideration, it may lead to a faulty inference and undeserved 
incrimination of the source. The same source, be it remembered, 
may vary in its bacteriological quality according to the seasons; 
ibis again depending chiefly on temperature and rainfall. Again, 
a single bacteriological examination, unless it reveals gross 
pollution, is of very limited value. Finally, in determining the 
potability of water, the results of bacteriological assay should 
be considered in conjunction with the results of chemical analysis. 

The saprophytes grow best at 20"* C.; in fact, many of them 
do not grow readily at 37* C.. whereas the intestinal bacteria 
grow best at the latter temperature. Hence, the plate counts at 
the two temperatures may olfcr some suggestive evidence of the 
origin and type of the bacteria present. A high plate count at 
20* C alone may not have much significance. Oa the other hand, 

a high plat? count at 37“ C. is more valuable: it is often sylficient 
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to condemn a water became the freatcr the number of intestinal 
bacteria present in n water, the fifcater are the chances for the 
presence of pathogens in it. But usually plate counts are consi* 
dered along with the results of coliform tests. 

The coliform count is a more delicate test than the plate 
count at C While the presence of a iarge number of sapro- 
phytes is practically harmless, the presence of even a few coliform 
hacilli should be regarded as potcmiallv dangerous. But the mere 
presence of this latter is not always sufficjeni to condemn a water 
supply; their number may be loo small to be of serious import. 
If there are only one or tuo coliform bacilli per lOOc.c,, the wafer 
is sulficientl) pure for consumption. If the number exceeds ten, 
it indicate?, almost certain pollution and the water should not be 
recommended for drinking purposes without punfieaiion. If 
the number lies between these two limits, difTcrential tests are 
indicated. If the coliform bacilli prove to be exclusively non- 
f®ecal in origin, the water may be passed fit for consumption, 
but a close w.itch should be kept on it. The relative significance 
of the members of the colifonn group with reference to water 
sanitation has been discussed above. 

. Bacteriological Standards. No absolute bacteriological stan- 
dards have been laid down for universal application; nor is it 
possible in view of the wide variations encountered in the bac- 
terial flora of dilTcrcnt waters. Every source should be consi- 
dered on its own merits. The results of a single test, performed 
^'en in the best of circumstances, do not warrant a more than 
tentative opinion. By repeated examination of the same source, 
2 fairly reliable standard can be hxed for it and any but slight 
departures from it should be viewed as a danger signal, demanding 
immediate attention. 

Certain working standards have, however, been recommended. 
Those recommended by the English workers are summarised below; 


Plate count, agat, 
3 days 2r C. 
Plate count, agar, 
2 days iV C. 
Bad. coU 


Deep waters 
10-200 per c.c. 

1-IOperc.c, 
less than I per 

I0QC.C, 


Surface waters 
50-500 per c.c. 

5-.3Q per c.c. 

less than 5 per 
100 c.c. 
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' j ■ Deep wafers Sur/acc waters 

' Faecal streptococci less than 1 per less than 5 per 

10Qc.c. ' lOOc.c. 

Cl. weMiii less than 1 per less than 5 per 

lOOc.c. lOOc.c. 


, A deep water that conforms to the stand*ird given above is 
safe enough for drinking purposes. While a surface water that 
does not transgress the above limits may be permitted for human 
consumption, it requires a vigilant watch. For detailed discussion 
about the standards, reference may be made to "The Bzcteriolop- 
cal Examination of Water Supplies’* Ministry of Health Series 
J^o. 71, His Majesty’s Stationery Office, London, 1934. 

Milk 

Milk is an important and common article of diet, particu* 
larly for children. Unlike water, it is an excellent medium for the 
growth of many pathogenic micro*organjsms. Milk is subject 
to microbial contamination from several sources. The contaml* 
nating organisms may be pathogens, and milk may thus ser^t 
ss a medium for (he dtssemination of infectious diseases. Hence, 
the great importance of the study of the bacteriology of milk has 
been recognised and legislative measures taken for the control 
pf milk and milk products in many countries of the West. India 
has not yet begun to move in (his direction. 

Milk is usiislly obtained from cows, but in some countries 
bulfalocs, goats, mares or reindeers arc also employed as sources 
of milk. 

In healthy cows the freshly secreted milk is sterile, but soon 
even in the udder of the cow it is invaded by bacteria getting 
through the milk ducts of the teats. Hence, even freshly drawn 
inilk contains some bacteria, the forc-milk showing a far greater 
number than the strippings. During milking and subsequent 
storage, milk gets further accession of bacterial flora from various 
extraneous sources, such as the skin of the udder, the milkers, 
ihe milking vessels, and the dust from the barn and fodder. These 
organisms multiply rapidly and their number at any time depends 
upon the temperature of storage and time that has elapsed after 
milking. .As there is no bacterial flora native for milk, the pre- 
sence of micro-organisms is a pertain evidence of contamination. 
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The various types of microbes, contaminating milk and their 
sources, are briefly dealt with below. 

Infected Cattle, The milk may get its contamination from 
the tissues of the Infected cattle. Myco. tuberailosls is the most 
important of this group. The badlH get into milk directly from 
a tuberculous udder or they may be excreted into it from tuber- 
culous lesions in other organs. Milk so mfccted causes the bovine 
type of tuberculosis in man. In Driiam and America it is a serious 
danger to the community, but fortunately it is relatively uncommon 
ia India. This uncomtnonness may al«o be attributed, among 
other factors, to the habitual boiling of milk before consumption. 
Another organism of this group is Br. abortus «hich is excreted 
in the milk of Infected cows. Br. mehivnsis is similarly found 
in the infected goat's milk Both these organisms cause undulcnt 
fever in man. The cow is often a victim to streptococcal 
mastitis when this organism ts found in its milk. Epidemics of 
streptococcal sore throat arc oAen associated with mastitis in 
cattle. Very uncommonly diphtheritic ulcers of the udder may 
occur and milk is liable to be contaminated with C. diphtheria. 
The virus of fool and mouth disease is present in the milk of cows 
suffering from this infection; the disease it causes in man Is very 
mild. 

External Soarces. Milk also receives contamination from 
external sources. The contaminating organisms may be patho- 
genic or non-pathogcnic. Obviously, the former is far more 
important from a hygienic view than the latter. Infection of this 
type occurs mainly from milkers or others bandline milk who are 
carriers of infection or who happen to be actual cases but of a 
mild type. For example, the streptococcus or the ’ diphtheria 
bacillus can be transmitted directly from the throat to the milk' 
by coughing or sneezing or the enteric, dysentery or cholera 
bacilli through the hands of a carrier. Contamination can also 
enter indirectly through the wafer used For washing the milking 
iitensiU or rarely through infected cow dung. Milk Is not an 
indilfcrent medium like water, and, in whatever way contamina- 
tion takes place,* under favourable conditions the pathogenic 
bacteria multiply rapidly in it. *' ‘ 

i- Contamination with non-palhogenic organisms of extraneous 
origin may take place in a variety of ways. The skin of the udder 
and teats may contain soil, manure and other materials. If before 
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minting (he udder is not properly cleaned, these materials may 
gain access to millc, contributing largely to its bacterial flora. 
This is true also of the hands of the milhers, but the greatest source 
of contamination is the milking equipment including the utensils. 
Dust also contributes its quota, though the number of organisms 
from this source may not be great. If water has been used as an 
adulterant, the kind .and quantity of contamination depend upon 
the water added. Members of this category do not cause disea« 
in man, but by their activity they may bring about alterations in 
the physical state of milk, rendering it imsuitabie for consumption. 
Milk drawn under the best of conditions contains only rela- 
tively fesv organisms, ZCKMOO per cubic centimetre, But the 
initial number will be sevcralfold when conditions of producUon 
arc not under adequate control. However introduced, the bac- 
teria multiply rapidly in milk and their concentration at any 
depends mainly upon three factors: the teroperature at svbim 
milk is stored, the time that has elapsed aller 
degree of the original infection. Preservation in the cold direct 
after milking keeps multiplication of bacteria under check. H 
if the milk is kept at higher temperatures, mpid raulnphatwa 
of the contained bacteria ensues, giving nse to an 
number per cubic centimetre. It is obvious f “ 
apart from the health of the animal, such factors as *a" - 
in the collection and transport and the 
are also intimately concerned with the “ 'to 

The bacteria present in milk m,ay be f “f “ ““ 

groups; the pathogenic and the non-palhog . ,,1(^.5. 

is dealt with above. The latter may again be classified as 

Acid-Forming Bacteria. The acid-forming j; pP 

organisms which are concerned svith the ,6, 

milk. The commonest type of spontaneous 

,.ctic acid ftrm^ with 

natural conditions. The milK acting 




taralso bring abon. natural femienlanon of^milk, 
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Lactic acid fermentation can also be induced by inoculating milk 
with members of the Laetohacillta group, such as Lactobacillus 
acidophilus and Jjictobjcillus hulgaricus. These organisms nor- 
mally occur in small numbers in the human mouth and intestines'. 
They seem to have no part in the natural fermentation of milk. 

Alcoholic fermentation of milk under natural conditions 
occurs only rarely. But in some p.arts of the world it is induced 
for the preparation of certain special beverages from milk. This, 
for instance, is the process of preparing koumiss, a drink prepared 
by Tartars from mare’s milk ; the action is brought about by the 
agency of yeast and lactic acid bacteria. Koumiss contains both 
alcohol and lactic acid. Certain species of yeast can directly 
ferment lactic acid and produce alcohol. 

Gas-Forming Bacteria. They ferment l.ictose with the pro- 
duction of both acid and gas. Acetic acid is the chief acid pro- 
duced, which gives an unpleasant flavour to the curd. Gas 
production is abundant and the curd is disintegrated. Coliform 
bacilli, Including Duct, aerogenes probably introduced from cow 
dung or fodder, and certain anaerobic organisms, such as 
Cl. vtelchii and Cl. buiyricum, are the commonest organisms con- 
cerned with this type of fermentation. 

Alkali-Forming Bacteria. These organisms do not attack 
lactose. Apparently their action is on the protein content of milk, 
leading' to the formation of ammonia. Important members of 
this group arc Bact. alkaligcnes and certain spore-bearing bacilli. 
When non-lactose-fcrmcnting organisms, like the typhoid bacillus, 
grow in milk, a stow increase of pH is the result; no other change 
is observed. It is not uncommon to see milk converted into 
a yellowish transparent fluid. This is due to the activity of certain 
aerobic spore-formers which, by elaborating a lipase during 
growth, saponify tne fats present in milk. 

’Proteolytic Bacteria. These organisms, besides increasing 
the pH, bring about hydrolysis of the milk proteins. This they 
do by the agency of two enzymic systems: rennet and casease. 
The former acts in two stages: first there is the conversion of 
caseinogen into a soluble form of casein. The casein then com- 
bines with the calcium salts in solution and is precipitated as 
insoluble calcium casemate. The curd so formed is surrounded 
by a clear fluid called whey; the whey contains the lactose, salts 
and other proteins (lactalbumin and lactoglobulin) in the milk. 
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Oscase is a proleDljiiic cnTymc ivJiich digests the proteins, result- 
wg in (he find! conversion of the milk into a clear fluid,- a process 
often referred to ns pcptonlsathn. Both the enzyrok systejns 
mny not be present in the same or^anisnif when only the action 
corresponding to the one present takes place. Organisms res- 
ponsible for such changes arc certain aerobic spore-former^, like 
ff. sublUiSy ,S, mcscttteticuSy Proteus arid certam strains 

of streptococci. 

Occasionally, certain chromogcnic bacteria get access to 
wtlk and cause ahnormaf changes with the formation of coloured 
products. Thus arc produced ‘'blue milk** by Pseudomonos 
cy^wgendt "red milk** by Chromobac:tcFiuin prOdigiosim and 
"yellow milk” by Bact. synxanthtis. 

Inert Bacteria. These do not produce any visible changes 
in milk. They may include both pathogenic and nompathogenic 
bacteria. Only by bacten'ofogical examination can their pre* 
senee in milk be revealed. 

The Bactericidal Property of Fresh Mflk. Freshly dratvo 
milk is dcHnitely bactericidal and bacteriostatic. This is, no 
doubt, responsible for the initial fall in the’ bacterial count of 
fresh milk. This property disappears in a few hours after the 
milk is drawn; it is also tbcrmolabije, being destroyed in fiflecu 
mimjits at 75* C. 

The Pcfcrminatioti of the Quality of Milk. Several methods 
are in use for testing the sanitary quality of milk. The bacterial 
count is probably the most reliable index. Water has its natural 
bactesial flora, but milk has none. Hence, the presence of orga- 
nisms in milk is a sure indication of contamination, and theif 
number is s direct, though .ipproximate, measure of the degree 
of contamination. 

Plate Count. The plate count gives only an approximate 
idea of the number of organisms present in milk. Nevertheless, 

\\ \% isv getiecal use for the grading of milk. Proper sampling and 
tht eroployment of standard media and standard technique 
essentiaU tlie procedure is similar to that employed for watef. 
vix. dilution and plating and counting the number of colonits 
atler a definite period of incuhatiotk. The criticism that plate 
count is not an accurate reflection of all the bacterial population 
in a water sample is equally true of the plate count in milk ana* 
lysis The bacterial count depends upon several factors ana 
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varies under di/Tercnt conditions and in di/Tercnf localities. 
Consequently, no rigid limit applicable in all circumstances can 
be set. Tn England “Tuberculin-tested (pasteurised)’’ milk must 
not contain more than 30,000 organisms per millilitre and must 
not contain Bact. coU In 1/lOOml. and “pasteurised” milk must 
not contain more than 100,000 org.anisms per millilitre. In some 
parts of America the bacterial count of Certified milk is limited 
to 10,000 organisms per cubic cctiiimetrc. In the same locality 
it is not desirable to have several standards as that would favour 
a greater marketing of inferior quality milk. 

Breed's Microscopic Count. In this method O-Olc.c. of 
milk is discharged on a slide by means of a capillary pipette and 
spread over an area of one square centimetre on the slide. After 
*^tymg, the fat is dissolved out with xylol i the smear is then fixed 
with alcohol and stained with methylene blue. The number of 
Organisms in a measured area is counted and from this the number 
per square centimetre is calculated and finally the number of 
organisms per cubic centimetre of the original milk is estimated. 
It is a rapid method involving no incubation and is of special 
Value in collecting stations where within a few minutes the 
quality of the milk from the individual farms can be judged nnd 
those that are unsatisfactory returned to the producer. Thus a 
mixing of good and bad quality milk can be prevented. 

Methylene Blue Reduction. This is a simple test based on 
the fact that the growing organisms form certain metabolites 
capable of reducing methylene blue into a colourless leuco base. 
If milk is mixed with a small amount of methylene blue flOc.c. 
of milk plus I c.c. of standard methylene blue solution) and 
incubated, the colour is discharged in course of time. The 
incubation should be conducted in darkness aud the tubes should 
be inverted every half an hour in order to ensure uniform mixing. 
Though freshly drawn milk itself exhibits the reducing property, 
it is negligible and the action may be considered as practically 
due to the bacterial activity. The reduction time is, therefore, 
roughly proportional to the bacterial content of milk. Though 
not very precise, it is, nevertheless, a useful test for the control 
of raw mixed milk. A milk decolourising in less than two hours 
is defiaitcly.poor in quality, while one which takes more than 
eight hours is of very good quality. It is claimed that this. test 
is a better index of bacterial growth than the plate count. ' . 



i^4 A TEivTBOOK. OF BACTERIOLOGY 

The Co/iTorm Tesf. The Coliform test is a relijible inder 
of the exerefai poi/ution'of tvatcr, which inciudes iheproba- 
oihty of pdi/ution with human pathogens, Byl in the case o! 
milk it has not the same significance. A very large proportion 
of rnixeci milk contains coliform organisms. Contamination in 
these cases is most likely through cow duttg, fodder and dust or 
from imperfectly cleaned vessels. Contammation from these 
sources is aot so ob]ectionabIe as when it is with human excreta, 
CobTorm bacilli do not mulliplyin water but tend to die out, 
whereas they multiply rapidly in milk. Thus, a few organisms 
introduced multiply soon into a large number. For this reason 
the presence of cohform bacilli in milk in larger numbers than is 
permissible in water may be tolerated, and their differential 
studies are not now considered necessary except under special 
conditions. 

The Isolation of Pathogenic Bacteria. The isolation ofpatho* 
genic bacteria from milk is, in contrast to that from water, more 
simple and practicable. For example, the presence ordubcrtle 
baciUiin milk can be conclusively shown bygulnea'pig inoeulal’^^o* 
After thofotigh mixing two samples of 50 c.c. each are 
fugalised. The sediment from each is suspended separately in 
2 '5 c.c. of sterile saline solution and injected into the groin of 
a guinea-pig, thus employing two animals for the same milk. 
The animals are kept under observation. One is killed at the 
end of four weeks and an autopsy is made; if a thorough search 
reveals no evidence of any tuberculous infection the second aninial 
is allowed to go on for eight weeks, when it is Vdled and txamlacd. 
Though reliable, the test is costly and takes several weeks for 
completion. The tubercle bacilli may also be demonstrated by 
cultural and microscopical methods. For culture the deposit 
front milk is treated appropriately with either NaOH or HjSOt, 
neutralised and inseminated on a selective medium. The results 
are read in two to three weeks. In the microscopical method, 
smears from deposits arc stained by the 2iehl-Neehcn techni^'J® 
and are examined under the low power for the presence of rcH 
groups. These are coJJectious of endothelial cells, and lubes«® 
bacilli, when present, are often seen in and among these cells. 
These \ests arc, of course, not so rchable as the pathogenicity 
test* The cultural method for the detection of other pathogenic 
bacteria, like stscptococci or the Brucella organisms, are rela* - 
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lively easy. Samples of fore-milk from individual quarters should 
he separately tested for this puipose. 

Ihe Sediment Test. TIhs »s a test for the cleanliness of 
roilk and not so much for its safety. The amount of extraneous 
dirt in milk can be determined by this method. The test is con- 
ducted cither by fdiralion through a standard cotton disc or by 
centrifugation. It is a simple .md useful test in controlling gross 
unclcanliness in milking. Bui it is to be remembered that a 
producer by a previous straining through muslin can defeat 
this end. 

The Cellular Count. Various (>TJes of cells arc found in 
ttormal milk; their number also varies. An abnormal number 
of leucocytes, as noted by the Breed’s method, suggests mastitis. 
The presence of streptococci in large numbers may be an addi- 
tional proof. But retention of milk in the udder, by causing 
desquamation of cells, may also lead to a high cell count. Hence, 
tntre cell count is only of limned value. 

The Hygienic Control of Milk. In no part of India is there 
My legislation for the control of milk supplies. But m many 
Western countries organisations for providing general protected 
niilk supplies have been in existence for long. In these places 
regulations have been laid down for the control of milk at every 
stage during production, collection and disiribuiion to the con- 
sumer. \Vherc such regulations arc stnctly enforced, milk supply 
has reached a high degree of safely wiih the result that milk- 
borne diseases have been largely controlled. Even in such 
countries it has not been possible to lay down one uniform stan- 
dard, Consequently milk with different grades of hygienic quality 
such as Certified milk, Grade A milk. Tuberculin-tested milk 
and so on, are available m the market. But there is a growing 
tendency to confine to one rigid standard, as otherwise, the 
marketing of milk of lower standard would become too common 
to be safe for the community. 

The hygienic quality of a milk supply can be controlled in 
two ways. One is by preventing, as far ns possible, the conta- 
mination of milk and the subsequent multiplication of the 
contaminating bacteria and the second by destroying the con- 
tained bacteria, particularly the delicate pathogens, by suitable 
methods. Both these measures should be applied wherever 
possible so that the safety of milk can be doubly assured. 
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Rcfcrcnco has been made lo ihe several probable sources 
of conlaminauon of milk. The infecicd animal is an imporiaol 
smircc, especially of the palhopenic bacteria. Hence, the control 
of animal diseases and (he elimination of sick animals ftcffl 
milking arc the first steps. Rut these arc not sJmpJe matters as3 
the co-operation of many interests is necessary to put them into 
practice. They arc also very costly. A no less difficult, but 
equally dangerous, source to control is the human carrier and 
people suffering from mild infections, uho may be among the 
personnel handling milk. The ideal is the non-employment of 
nil such persons in the milk industry, Hxamination of all the 
milk operatives and this at sufficiently frequent intervals to be of 
real value requires on elaborate and costly system. Other factors 
concerned »vith the collection and distribution of milk, such as 


the cleanliness of barn-yard and dairy, the purity of the water 
supply of the farm and the cleanliness of milking equipments, 
can be more easily controlled. For this purpose regular inspe* 
ction of dairy farms and strict enforcement of regulations arc 
quite cssentkd. 

The destruction of pathogenic bacteria in milk is the surest 
way of ensuring a safe milk supply. This is best done by the 
application of some form of heat. Boiling, pasieurisatiou aad 
sterilisation are all methods in which different degrees of tempe- 
rature arc employed. Individual milk can be easily rendered 
safe by boiling. In this country boiling is probably the only 
method employed; but it is done almost universally and uS' 
boiled milk is seldom consumed. Boiling and sterilisation 
destroy all forms except the most resistant spore-bearing bacteria. 
But such processes have the disadvantage of causing radical 
alleration in the quality of milk# From this point of view 
pasteurisation, first applied by Pasteur in the preservation of 
wines, is the most satisfactory. 


Pasteurisation. In this process the temperature 


raised 


iust enough to kill most microbes but not too hi^ to produce 
any sigRific.inl changes in the physical state of milk. This pro- 
cess h applied with slight modifications in different places. A 
<itisractory method is to raise the mlik to a temperature of 
hold it at that temperature for thirty minutes ana 
>o cool it immediately to a temperature of 55’ F. or less. A 
criticism levelled against pasteurisation is that it causes a partial 
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destruction of vitamin C and possibly of iodine. But this is 
insignificant compared to the grase danger of infection and in 
any case such losses can be easily made good by other means. 

MUL Products. V.nrious milk products, such as icc cream, 
butter, chccsc and others, may contain pathogenic bacteria and 
act as vehicles of infection, if the mdk from which (hey arc manu* 
factored is obt.tined from questionable sources. It is true that 
such organisms rend to die out on keeping. But certain patho- 
gens survive over long periods. For instance, the tubercle bacillus 
may remain viable in butter and cheese fairly long. Tlic role of 
icc cream in the transmission of intestinal infections, especially 
typhoid fever, has already been referred to- Food poisoning 
and Bruedh Infections arc others that may be caused by the agency 
of milk products. 



CHAPTER X 
INFECTION 


Bacterial infection is a frequent cause of disease, far niofc 
frequent llian any other cause. A larce number of definite 
diseases, many of 'vhich may cause wide-spread and Wolcnl 
epidemics, arc caused by the pathogenic micro-orgamsms. In 
addition, microbes arc responsible for a great many disabilities 
and minor ailments which, by undermining the general or focal 
resistance of the host, may prepare the ground for other serious 
infections or non-bactcrial diseases. Naturally, therefore, all 
the circumstances concerning infection arc of supreme impor- 
tance to us. 

•/ As infection involves two living entities, the attacking para* 
site and the host, it cannot be a simple unilateral action of the 
invading parasite. On the other hand/ infection is followed by 
a vigorous reaction on the part of ibe body which attempts to* 
mobilise all its resources to combat infection and dislodge or 
destroy the invading agent. Obviously iheu.'infecriou consists 
of a complex process of action and reaction between two con- 
tending forces, those rcfatinc to the attacking parasite and those 
marshalled by the invaded victim. The outcome of this inter- 
action expresses itself a.s infectious disease. It is self-evident, 
therefore, that a thorough knowledge of the intimate nature of 
these reacting forces is essential for a proper understanding of 
the clinical sequel of infection. An insight into the manner of 
the individual’s natural reaction to infection teaches us hoW to 
imitate nature and evolve valuable means of protecting tb® 
individual against infection. Its practical application, again, 
places in the hands of the clinician very valuable methods of 
diagnosis, prognosis and therapy. From another point of view 
also the various factors lending to infection are of tremendous 
importance. It should be remembered that, besides the parasite 
and the host, the incidence and spread of infecrion are consider- 
ably influenced by the environmental factors. In mass infection 
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all these entities assume particular importance. A knonled^e 
of their working and interrclalfomhlp may, and often does, 
enable u$ to strike at the weak links in the chain of mass infection 
and thereby control the spread of disease. 

Infection is the successful invasion of the host tissues by the 
pathogenic micro-organisms uith or without the production of 
*>TOptoms. The mere presence of such bacteria in the body docs 
constitute infection. Tnfeciion implies growth and multi- 
plication of the organisms in the tissue with production of 
poisonous products which cause tissue reaction and damage. 
Infection associated with the production of symptoms is disease. 
Sometimes infection is present without giving rise to clinical 
manifestations. The condition is then known as lateni ififcc/ion 
or subcUntcal infection (subiofcction); the reaction here is at a 
subtUfucal level and so the presence of infection is inapparent. 
Il ls not always possible to draw any rigid distinction between 
this and the healthy carrier who imbibes infection and harbours 
jt for varying periods after exposure and without developing any 
ill-effects from tt. Infection may also remain quiescent and 
1 concealed in chronic carriers who even after recovery may harbour 
I infection for lone periods. 

Oivtribatioo of Bacteria in Nature. Bacteria are present 
everywhere in nature, including the body surfaces of animals 
and man. Many of them live on dead organic matter and arc 
called saprophytes (Gr. sapros, rotten, phyton, a plant). They 
fulfil an important function in the economy of life, vis. the 
reduction of complex dead organic matter into simpler substances 
readily utilisable by plants. Moreover, they are of great econo- 
mic importance, playing an exlrcmcly useful role in industry, 
agriculture and other human activities. Others are parasitic, 
living upon other plants or animals. The division into s.iprophytes 
and parasites is by no means rigid or exclusive as some species 
exhibit both properties. The pathogenic bacteria arc, mostly 
of the parasitic type, living at the expense of some host, animal 
or man. Parasitism is a widely prevalent biological phenomenon 
found in n^ure and infection is obviously a special type ofiit. 

The skin and mucous surfaces of the body are normally 
inhabited by numerous species of micro-organisms. Various 
regions, the intestines, the genitalia, mouth, nose, nasopharynx, 
conjunctiva and skin, have their more or less, fixed norptal^ 
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bacterial flora, for example Doderlein’s bacjllus'or'tbe varioa, 
Staph, albtis of the skin, viridans streptococcus of the pharynx, 
xerosis bacillus of the conjunctiva, the colon bacillus and various 
types of spirochaetes and anaerobic and aerobic organisms of the 


gut (p. 163). ’ They lead a commensal life and do no harm to the 
host. The term commensalhm means a living together of two spedes 
in which one is benefited by the association; while the other is 
neither benefited nor injured. Some of the normal surface 
denizens are potential pathogens, f.c., they arc capable of talang 
on a pathogenic role under certain conditions. So long as they 
are in their natural habitat no harm is done to the host, but in 
certain circumstances they leave the normal surroundings, invade 
the tissues and cause disease. For example* Bact. coli inhabits 
the lower alimentary tract as a harmless commensal. When it 
gets an opportunity to leave the intestines and reach the tisshw, 
it sets up inflammation, causing diseases such as cholecystitis, 
peritonitis, cystitis and so on. Another phenomenon that n 
observed in nature is the living together of different species .0 
organiscQS, deriving mutual benefit. This is called^ syirth os^s- 
There are numerous examples in nature of such intimate assO’ 
ciation with reciprocal advantage. Certain soil bacteria gro “ 
ing as nodules on the roots of leguminous plants absorb mtrog 
from the air and transform it into some readUy utihsable com 
pound for the use of the plant, while, in turn, the 
selves feed on the plant sap. Another instance is ‘ 
cellulose-breaking bacteria living in the gut .j * js 

as the white-ants. No case of such 
known in the case of man. Certain species of org 
unable to live together, as some ‘JuriKs, 

generated by one, though harmless to itself, are, n 
itrimental to the growth of the other. 
also act by depriving the other ‘"f f con^b^ 

The term aallbiosis or on/nponum is applied to tti f 

S instance, MsISh^cid?^ 

lactic acid during the sonnng of milk. Hus nign j 

M to the growth of P”'«":nhVgrol of »» 
inhibitory effect exerted by Ps. well known 

diphtheria bacillus is spedes of which during 

«=«'o.riS.y penle&n, whichiphibi. 
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growth of many bnctcria. Such growth-inhJbjting factors naturally 
produced by micro-orgamsms are referred to as antibiotics. 
Synergism is a condition in which two or more bacterial species 
growing together produce a result which a single species alone 
could not have produced. For example, hlorgan’s bacillus and 
tie typhoid bacillus growing together in mannitc or maltose form 
appreciable amounts of gas which neither organism growing 
alone could have done. Vincem’i angina is another illustration of 
the associate activities of bacteria, a spirochacic and a bacterium. 

The vast majority of parasitic bacteria are incapable of 
invading and injuring tissues. It is a sinking fact that only a 
few possess this property; they arc caHcd paihogenk which means 
disease-causing. The number of species capable of causing 
disease in man and animals ts m the neighbourhood of hundred. 
From the point of view of medicine micro-organisms can then be 
conveniently classified into the pathogenic and non-palhogenic 
Sfoups. It should be borne in mind that these arc only relative 
terms; a rigid grouping into two such categories is impossible 
since an organism that is pathogenic to one animal species may 
not be pathogenic to another. For example, the gonococcus is 
pathogenic for man while ioactive towards lower animals, per 
contra, the virus of rinderpest or cattle plague does not attack 
man. By the term pathogenic is meant that (he organism in 
Question can cause disease in some one species or other. During 
their association with man, different groups of pathogenic bacteria 
arc found to have attained different degrees of parasitism. The 
same is also the case with pathogenicity. The hardy staphylo- 
coccus, growing luxuriantly on ordinary culture media, exhibits 
much less parasitic dependence than the delicate gonococcus; 
nor does the staphylococcus display the same degree of virulence 
as the tubercle bacillus or the pUgue bacillus. 

Most of the pathogens are not normally present on the body 
but teach it from outside. After establishing a foothold in the 
body, they multiply and form injurious products which damage 
tissues and stimulate reaction. This process of successful inva- 
sion and injury constitutes infection. 

Specific Infection, The struggle put up by the host against 
an invading bacterium, as evidenced by clinical manifestations, 
constitutes infectious disease. When a particular organism gives 
rise to the same type of reaction and symptomatology in the sam? 
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bacterial flora, for example Dodcrlcin^s bacillus oT the variaa, 
Slaph. albus of the skin; viridans streptococcus of- the pharynx, 
xerosis bacillus of the conjunctiva, the colon bacillus and various 
types of spirochactes and anaerobic and aerobic organisms of the 
gut (p. 163). ‘ They lead a commensal life and do no harm to the 
host. The term commensalim means a living together of two species 
in which one is benefited by the association, while the other is 
neither benefited nor injured. Some of the normal surface 
denizens arc potential pathogens, f.c., they are capable of taking 
on a pathogenic role under certain conditions. So long as they 
arc in their natural habitat no harm is done to the host, but in 


certain circumstances they leave the normal surroundings, invade 
the tissues and cause disease. For example, Rjcr. coU inhabits 
the lower alimentary tract as a harmless commensal. - \yhen it 
gets an opportunity to leave the intestines and reach the tissftw, 
it sets up inflammation, causing diseases such as cholecysuus, 
peritonitis, cystitis and so on. Another phenomenon that is 
observed in nature is the living together of different species o 
organisms, deriving mutual benefit. This is called syntoiots^ 
There are numerous examples in nature of such intimate asso* 
ciation with reciprocal advantage. Certain soil bacteria gro^ 
ing as nodules on the roots of leguminous plants 
from the air and transform it into some readUy ; 

pound for the use of the plant, while, in turn, the J . 

selves feed on the plant sap. Another instance is 
cellulose-brcaking bacteria living in the gut of wood-cating ms 
such as the white-ants. No case of such symb.ot.c * 

known in the case of man. Certain spcc.es of "Sa™™* 
unable to live together, as some metabolic products 
generated by one, though harmicss to itself, are, ne - 
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Stowih of many bacteria. Such firowth-lnhiblting factors naturaUy 
produced by micro-organisms arc referred to as aniibiarlcs, 
yntrgism is a condition in \\hich two or more bacterial species 
growing together produce a result whi^b a single species alone 
could not have produced. For example, Morgan’s bacillus and 
typhoid bacillus growing together in m.innitc or maltose form 
appreciable amounts of gas which neither organism growing 
a one could have done. Vincents angina ts another illustration of 
t c associate activities of bacteria, a spirochacie and a bacterium. 

T^e vast majority of parasutc bacteria are incapable of 
evading and injuring tissues, li is a striking fact that only a 
possess this property, they arc v.ilieo paiho(;*nk which means 
iscase-c.nusing. The number of species cap-iblc of causing 
sseasc in man and animals is in ihc neighbourhood of hundred. 
I^om the point of view of medicine micro-organisms can then be 
conveniently classified into the pathogenic and non-pathogenic 
potJps. It should be borne tn mind that these ore only relative 
t^s; a rigid grouping into two such categories is impossible 
*ince an organism that is p.\thogcnic to one animal species may 
wt be pathogenic to another. For example, the gonococcus is 
pathogenic for man while inactive towards lower animals, per 
^ontra^ the virus of rinderpest or cattle plague does not attack 
nian. By the term pathogenic is meant that the organism jn 
qucsiion can cause disease in some one species or other. During 
their association with man, diflcrcnt groups of pathogenic b.ictcria 
are found to have attained different degrees of parasitism. The 
*3mc is also the case with pathogenicity. The h.irdy staphylo- 
coccus, growing luxuriantly on ordinary culture media, exhibits 
™uch less parasitic dependence than the delicate gonococcus; 
t'or does the staphylococcus display the same degree of virulence 
the tubercle bacillus or the plague bacillus. 

Most of the pathogens arc not normally present on the body 
“Ut reach it from outside. After establishing a foothold in the 
ody, they multiply and form injurious products which damage 
tissues and stimulate reaction. This process of successful inva- 
sion and injury constitutes infection. 

Specific Infection. The struggle put up by the host against 
^0 invading bacterium, as evidenced by clinical manifestations, 
constitutes infectious disease. When a particular organism gives 
rise to the same type of reaction and symptomatology in the same 
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host species, the disease is teferted (o' ns specific infections 
aiscasc, c.g. (Iiplilheria, teiapus. cholera and others; when the 
symptoms ore acute, acute specific infectious diseases. Somt 
acute ones may become chrome and some chrome mrcciions my 
take an acme turn after varying periods of chronicity. Some, 
times the same symptom complex is caused by difTerent organisms, 
for example meningitis, bacillary dysentery, bronchopneumonia, 
endocarditis. Again, in certain lesions such as gas gangrene 
and boils more than one species of organism arc present. Such 
infections arc not specific. A specific infection is in all circum* 
stances caused by the same organism. How to establish (his 
causal relationship between a given organism and a particular 
disease has been summarised in what are commonly known as 
Koch's pQstuiates. They arc; 

J. The organism should be found in all eases of the diiease 
In question, and its distribution in the body should be in accor- 
dance with the lesions observed. 

2. The organism should be cultivated outside the body of 
the host, in pure culture, for several generations. 

3. The organism so isolated should reproduce the disease 
in other susceptible animals. 

4. The organism should always be found in, and recoverable 
from, the lesions of the reproduced disease. 

ft is doubled whether Koch ever enunciated these postu- 
lates in such categorical terms. At any rate, the rigid application 
of these conditions is neither practical in every inrccdon nor 
neecssarj'. By ordinary methods it is not possible to demonstrate 
the presence of viruses in the tissues in diseases of accepted Wral 
aetiology. Their presence can 6c oitiy by anim) expeii' 

TOcnts. Viruses have not been grown in cell-free media; some of 
them may be grown in tissue culture or in the developing chick 
embryo, but it cannot be asserted that such growths are pure, 
and not mixed cultures. Similarly, the leprosy bacillus has not 
been cultivated, but still its causal relationship with leprosy has 
been universally accepted; the same is true with regard to 
So. minus of rni-bite fever. Again, in the case of many patbo- 
cenic bacteria no susceptible animals have been discovered, as 
instanced by the gonococcus, loemncococcus and certain 
>Vhero susceptible animals are available^ the disease reproduced 
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in them by the injection of the isolated organism does not ohvays 
correspond clinically to the original disease in man. For example, 
there is little cUiiical identity between the condition produced in 
experimental animals by the typhoid germ and the typhoid fever 
in man. Curiously enough, phyloccuetically related species, 
like monkeys, the anthropoid apes and others, arc in general no 
better experimental animals than the distant rabbits, guinca*pigs 
and the like. Tlic fourth postulate is in a way a corollary of 
the first three and when an organism complies with these, it will 
generally be found to satisfy the last also. From the above 
comment it is clear that the application of any or all these postu- 
lates in the case of all infections is not easy or possible. However, 
a great many infections cun be shown to fulfil them. In any 
case these postulates should be applied as the confirmatory 
criteria where doubt exists. 

In practice, the fulfilment of these postulites is not always 
necessary for incriminating a particular bacterium as the cause 
of a disease, nor is u sought for in most of the routine diagnostic 
procedures. The weight of ancillary evidence may often be 
sufficient to prove the causal relationship of a suspected organism 
to a disease. Certain specific reactive products, cellular or 
humoral, have been shown to afford satisfactory basis for deve- 
loping confirmatory diagnostic tests. For example, the finding 
of typical giant c€ll systems in a suspected case of tuberculosis 
or of J^egn bodies in rabies is accepted as diagnostic for all prac- 
tical purposes. But it also appears more than likely that the 
Negri bodies and similar inclusion bodies may ultimately be proved 
to be viral aggregates, when a diagnostic lest of a more or less 
empirical nature will be lifted to the status of a scientific proof. 
The demonstration of specific antibodies in the blood of the 
infected host by any of the immunological tests, such as the 
agglutination, complement-fixation or allergic test, furnishes 
sufficient evidence for fixing tiic actiological responsibility of an 
organism in a disease even if (he organism cannot be found in the 
lesion or cultivated therefrom. However, be it emphasised again 
that these arc only ancillary aids and the final proof, when neces- 
sary, should be sought for by Uic application of the postulates. 

■ Source of Idfection. It is very important to know where 
exactly in nature do the pathogenic bacteria reside. This know- 
ledge often enables to get at the very root of infection and is an 
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essential prerequisite in de>^^g means for the control of spread 
of disease. In all cases the ultimate source of infection is man, 
animals or soil. Of these, the 6rst two are. far more important 
than the last. -'.For, as mentioned above, most of the patho-' 
genic microbes are adapted to a parasitic mode of existence and 
cannot live in the external world save for a relatively brief interval 


of time. Water serves only for a temporary sojourri and not as 
a permanent abode; so also air. The individual himself may 
act as the source of infection or infection may be communicated 
to him from another man. .Mention has-been made above that 
some of the pathogenic bacteria live on man either as commensals 
or in a quiescent state and in the event of temporary depression of 
tissue resistance, they are liable to initiate disease. - This type 
of auto-infection is referred to as endogenous, as opposed to the 
exogenous type in which the infecting agent invades the body from 
without. Man serves as an external source of infection mostly 
as the result of pre-existing disease, which may be acute, subacute 
or chronic, as in the case of cholera, enteric, influenza, smallpoz, 
gonorrhoea, syphilis, tuberculosis and others. EquaUy, or jb 
some respects more, important is aiypical /n/ectron which passes 
off with manifestations not characteristic of the particular disease. 
Again, the human reservoir may be a latent case or a earner, 
for instance the enteric, meningococcal or dysentery carrier. 

The reservoirs of infection in certaia diseases are the lo^ 
animals and from close association with them or through f 
relationship the infecting agent is communicated to man. ' 
trative of such exogenous infection are tuberculosis, ' plagu , 
rabies, -undulent fever, anthrax, glanders, rat-bite fever an 
actinomycosis. A few of the pathogenic bacteria live norma/iy 
in the soil and man gets the infection through contammatto 
wounds. The tetanus b-acillus and the gas gangrene orgamsms 
are examples of this. 

Methoa of Transport. Infection may be ® ^ 

directly from the source or indireetly *ron8h ' rntemea 
asendes. In the case of some diseases, like . ,65 

yaws, coccal infection, operation or P'''’’-™”'™ “ , . ' 

Lfecline agent from the sick gains entry into. the ® . 

.“dfrcct contact. These .are. contact »fee»o»s and « 
them Intermediate agents play no sypfi®! 

is essential for ?pre.id 10 some of. these diseases, .g y 
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'gondfrtioea and yaws, as their actiologicaf agents arc qtiu-ify 
destroyed outside the body. The term canfagfout disease used 
to b; reserved for diseases communicated through contact. Now 
no such rigid application is enforced and the term is frequently 
employed to denote all bactenaJ diseases which arc directly 
transmissible. Some of the animal diseases arc aiso transferred 
to man through direct contact, e.^. rabies. The pathogenic 
bacteria normally found Itt the soil, such as the tetanvts and gas 
gangrene organisms, are likewise transmitted to man directly 
from the source. The infected material (soli) in these cases is 
implanted directly into the tissues as a result of injury. 

Another very common method of direct spread is through 
•droplets and sprays discharged during speaking, laughing, cough- 
.ing and sncezingWrop/ci infection. It is believed that the 
infected droplets may be directly inhaled by the neighbouring 
healthy persons who thereby acquire infection. This may not be 
thc'whole story. The mechanism of air-borne infection has been 
elucidated by recent experimental studies. Soon after expulsion 
^by sneezing, laughing or coughing and before traversing fonvard 
suiRcicntly long to cause infection, infective droplets greater than 
0*1 mm. in diameter drop to the ground and so do not constitute 
efficient transmitters of infection through air. Particles smaller 
than this are evaporated before reaching the ground, but they 
leave suspended nuclei consisting of organic matter, salts and 
bacteria. How long these organisms can remain viable and 
virulent in the atmosphere depends largely on their resisf.ince 
to drying. Evidence so far as it goes tends to show that some 
of the respiratory pathogens may in these circumstances maintain 
their vitality and virulence for several hours. The significance 
of crowded rooms and rooms occupied by patients in the trans- 
mission of infection is, therefore, obvious. Many important 
epidemic diseases are spread by the droplet method ; the common 
cold, the pneumonias, tuberculosis, diphtheria, scarlet feicr, 
meningitis, influenza, smallpox, measles, mumps, chickenpox, 
and poliomyelitis are examples of this type. A characteristic 
feature of this type of infection is its rapid dissemination, 
particularly in a crowded cornmunity. 

I Jn indirect spread an external agency is necess.iry to carry 
. infection to the healthy man. This may be air laden with infected 
dust, minute particles of dried sputum or cast off skin; ^vater; 
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/porf and fomUes^ such as eating ntensiJs, wcatiog apparel and 
bedding. Intestinal infections necessarily take place through 
infected food and drink. When the transmission.of infection is 
through Contaminated 'water, as! for example cholera and enteric 
fever, it is often referred to as water-borne infection. In this 
mode of transmission there is necessarily a preliminary contami- 
nation of the drinking .water supply. Milk also may form the 
vehicle of infection in certain diseases common to man and 
animafs, as exemplified by tuberculosis and brucellosis. The habit 
of sucking pencils, penholders and similar things by school children < 
is a common mode of dissemination of disease in schools. 

Insects may act as the transmitters of infection; those that 
do this are called insect vectors. They may be portal or mechatikal 
corriarj. Such vectors do not themselves suffer from the disease, 
nor carry the disease agent for anything but a brief period after 
receiving it. Very soon after getting the infected materia) in or 
on them, they transfer it directly to a new host or indirectly by 
'Contaminating food or drink. The contamination of food or 
drink with infected excreta by the common domestic fly is a well 
known instance of this sort of transmission. In the case of the 
other insect-borne diseases, the organism remains in the insect 
host for a definite period of time before it becomes transferable 
to a new host. Such carriers are called htermediate hosts. What 
happens to the organism during this interval is by no means 
clear. It may be a multiplicative phase meant for a concentration 
of dose or some form of repivenating phase, indispensable for the 
preservation of species. The important point is that during this 
latent period the insect is not infective to a new host. Other 
examples of insect vectors are the mosquitoes in yellow fever and 
dengue, lice and ticks in relapsing fever, fleas, ticks and mites in 
typhus and fleas in plague. These insect vectors are oflea 
ectoparasites of animals. The animal host, from which the 
disease agents are thus communicated to others, are referred to 
as reservoir host, e.g. man and many rodents. 

Transmission of infection may occur mechanically by the 
agency of man. For example, a nurse attending on a case of 
puerperal sepsis may through inadequate attention to asepsis 
convey the infection to a healthy host; or a cook who is an 
enteric or dysentery carrier may contaminate food through 
insanitary habits and lack pf personal cleanliness, 
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^ Human Carriers. ■ Carriers arc apparently healthy people 
»ho harbour infection. ■ Though in these cases the infectious 
igents arc apparently harmless to -the host, they keep up their 
virulence and are able to cause disease in others. T^c carrier 
state may arise from the beginning as a silent symptomlcss infe- 
:tion Of as a sequel to disease. In the former the condition 
develops insidiously following exposure to infection which may 
be a sick individual or another earner. This type of carrier is 
known as contact carrier or heahhy carrier. Common examples 
are diphtheria, meningococcal and poliomyelitis carriers. Contact 
carriers may be transient or temporaiy or may rarely become 
chronic. Sometimes there may be a slight reaction in them with 
the result that a low grade immunity may be developed. 

' Latent infection is also a carrier state and may play a part 
in the dissemination of infection. Between this and the contact 
carrier the difference may not be always appreciable. Both carry 
Infection without giving rise to clinical evidence and both are 
able to propagate the infection. In both, the parasite may not 
be altogether inactive. 

During recovery from a disease the body usually gets rid of 
the infectious agent quickly. Sometimes during convalescence 
the organism persists in the body for varying periods, but it is 
incapable of doing any harm as the body is protected from further 
injury on account of the immunity already developed in the 
course of recovery. This type of carrier is called a convalescent 
carrier. The organism persists in certain foci of infection where 
there may be frequently minimal reactions. The position of these 
foci may be such that they are not easily accessible to the 
antibodies and the organism, in its torn, is thus protected from 
their action. Tliat is probably why body is not able to get rid of 
the infection readily. Most of the convalescent carriers soon 
become free from infection, but a few, a very small percentage, 
do not get rid of the infection for a long time, sometimes 
throughout life, and become permanent or chronic carriers. 

The excretion of the infectious agent from the carrier is- 
not continuous but intermittent, adding to the difliciilty in their 
detection, The path of excretion depends upon the focus of 
infection; for example, a diphtheria carrier gives out the organism 
in the nasal or oral secretions, while an enteric carrier excretes 
it in the faeces. The organisms causing some of the intestinal 
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infections, , such as dysenteo' and cholera, .reiflam ‘confined to 
the intestines; others like the enteric bacilli which invade the 
blood stream may, set up foci of infection in various organs. 
In the former type of infection, therefore, the causative organism 
is excreted only in the faeces, whether it be an active case or 
a carrier. In the latter, on the other hand, there are two outlets 
for excretion possible, through: faeces as well as through urine. 
Carriers that excrete bacilli in the faeces are referred to as the 
faecal type and those that excrete in the urine as the urinary type: 

'Carriers form an impormnt source of infection; oBen far 
more important than actual cases. Because of the insidiousness, 
they are able to disseminate ■infection more widely and are, 
therefore, more dangerous to the society than actual cases. 
Carriers also constitute a difficult problem in public health work. 
No sufficient evidence is forthcoming to show that the organism 
excreted by a carrier is of attenuated virulence, though it is 
believed in some quarters that the bacteria in the 'carrier state 
may undergo variation into the rough avirulent form under the 
influence of the host’s immunity. Equally insidious sources of 
infection, as mentioned above, are the atypical and the mild 
cases which go undiagnosed. 

Portal of Entry. The possible gateways through which infc* 
ction can enter the body are the large skin surface, the respira- 
tory tract, the alimentary tract, the genito-urinary tract and the 
conjunctivae. Another is the transplacental route through which 
the developing foetus may get infection from the maternal blood. 
Very rarely infection may get in through an infected middle ear. 
The mechanism of transmission indicates the particular channel 
tficougfi which an invader finds its way into the tissues. 'When 
dust or droplet acts as the vehicle, the route of infection is 
necessarily the respiratory tract, the mouth or both. ‘Similarly, 
v/hen water, milk or food serves as the medium, the^ alimentary 
tract forms the path of infection. Contact infections are con- 
Iracted by the direct deposit of the infecting agent on the skin 
or mucosa. Blood sucking insect carriers implant the infection 
through the skin into the tissues or blood. Thus, the particular 
channel of entry depends upon the method of, transport of th« 
invading microbe. • - 

A pathogenic organism entenng through anyToute wiJi noi 
always .cause disease. The portal through which it-Colers the 
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body IS an important factor in dcicmiming infection, Each 
microbe seems to be adapted to a particular route and for 
successful infection it should enter through'thnt route. Otherwise, 
infection may not occur or. even if it occurs, will only be 
insignificant in nature. For example, a dose of the cholera or 
dysentery bacillus injected under the skin may cause at most 
a local lesion and not clinical cholera or dysentery. For any of 
these to happen the organisms should enter through the alimentary 
route. Similarly, if the virus of smallpox or the meningococcus is 
deposited on the skin noihmg would ensue, but if either is 
inhaled into the respiratory tract, infection may follow. In the 
same way, the tetanus or the wclchii bacillus would pass through 
the alimentary tract harmlessly, whde their implantation into 
a wound would lead to infection and disease. 

Another point to remember is that most of the pathogenic 
microbes arc unable to penetrate through the intact healthy skin 
or mucous membrane and cause infection. There is, for instance, 
the white staphylococcus always residing on the skin and mucous 
surfaces svithout being able to invade tbe tissue so long ns these 
structures maintain their vitality and health. But when there is 
an abrasion or trauma, the organism readily gains entry and 
sets up infiammaiion. 

Prcrafcucc of Disease. The individual’s reaction to infection 
constitutes disease. The study of disease as confronted in the 
individual is clinical medicine. When a disease occurs suddenly 
in' a community and spreads rapidly attacking many people 
simultaneously, it is spoken of as an epidemic or mass infection. 
The course of epidemic infection is really the natural history of 
disease in relation to the mass. Mass infection among animals 
is called cpiiootic. Examples of epidemic diseases are cholera, 
plague, pneumonia and smallpox. The conditions which govern 
the occurrence, evolution and control of epidemics form the 
subject matter of cpidemiolopy. Of course, it also takes cog- 
nizance of disease in the endemic sMte. When a disease is 
constantly present in a locality It Is said to be endemic, for 
example, plague in Bombay, Secunderabad, Hosur and other 
places where it exists as a smouldering infection all through the 
year. An endemic infection may occasionally break out in an 
epidemic form with explosive suddenness involving several people 
at the same time. A disease is said to be sporadic when few cases, 
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scattered about in point of place and time, occur in a locality; 
When a disease spreads in the form of an epidemic in several 
countries of the world simultaneously, the condition is .termed 
pandemic, as for instance the plague pandemic. of 1896 and the 
influen?a pandemic of 1918. 

During the interepidemic period, the continuity of infection 
is maintained by sporadic cases. Equally important in. this 
respect are the mild and atypical cases and carriers. In a similar 
way the infective agent may persist also in animals, which serve 
as reservoir hosts. The infection in the interval smoulders as 
it were but breaks out with explosive violence when conditions 
become again favourable. Whether this epidemic turn is also 
influenced by any increase in the. virulence of the causative 
bacteria is a difficult prohiem to settle. The question has been 
studied with reference to mass infection cxpcrimenially caused 
among lower animals. The results afford little basis for con* 
eluding that enhancement of virulence is a determining factor 
in the causation of epidemics. But it should be remembered that 
it is not justifiable to apply in toto the results of animal experi- 
ments to natural epidemics occurring among human beings. The 
question of natural variation in virulence, therefore, remains still 
unsettled. 

Conditions Governing Infection. The mere lodgement of a 
pathogenic germ in the body does not lead to infection. The 
tissues are not a passive source of food supply for the former. 
One of the general biological attributes of living tissues is the 
spontaneous protective reaction they put up against a foreign 
invader. Invasion by an organism is met by reaction and 
resistance; a favourable issue for the attacking bacterium 
expresses itself as disease; a favourable issue for .the host results 
in the enhancement of its resistance end In the quiescence or 
destruction of the invader. Thus, there are in infection two sets 
of forces operating: the aggressive factors associated with the 
infecting microbe and the protective factors concerning the hosV** . 

Aggressive Factors Pertaining to Bacteria. An in]]?orianr 
factor concerned with infection is the M'ruknce of the •micro- 
organism. It is diflicult to give an exact definition of the 'term 
virulence as used in relation to bacteria. • Virulence means 
poisonous, but the term is employed in . a -more comprehensive 
sense. This property, is intimately associated with pathogenicity 
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but not synonymous wUh ir: several workers regard the term 
virulence as equivalent to pathogenicity. Virulence is the capacity 
of ‘8 bacterium to multiply in the tissues of a susceptible host and 
form'pi^dticts which are lethal to the tissues, thus causing 
disease. A s-ariety of lethal products may be elaborated by the 
pathogenic bacteria during their growth in tissues as wdl as in 
Cultures (p. 209). The ability to produce extracellular toxins is 
sometimes referred to as toxigenieity. Only few of the patho- 
genic baderia produce such toxins. 

Marked variation in virulence is a striking feature of the 
pathogenic microbes. Staph, aureus^ for example, is much less 
virulent than Str. pvogenes or the plague bacillus. Besides this 
intcrspecies difference, variation in virulence Is also encountered 
among different types of the same spenes. This is illustrated 
by the difference in behaviour of the gravis and the mitis types 
of diphtheria bacilli or of the bovine and human types of 
tubercle bacilli towards rabbits. Even different strains of the 
same species may sometimes vary in virulence; for instance, 
freshly Isolated strains of typhoid bacilli do not always display 
the same degree of virulence. 

We can measure virulence only by its effect on the host. In 
man the virulence of an organism is judged from the severity of 
the disease produced and from the case fatality. But for 
a quantitative study of virulence susceptible animals are usually 
employed. Virulence is estimated by hnding out the minimum 
dose of thK.orgamsm (pure culture) that will just kill a susceptible 
animal^ M.L.D. The dose bears an inverse relation to virulence. 
The minimum lethal dose of toxin is also found out in the same 
way. ' The resistance (or susceptibility) of individual animals to 
the same lethal agent, bactena or toxin, is subject to appreciable 
variation and so it will be impossible to lay down an exact 
minimum lethal dose applicable to all the individuals of any group. 
Hence it is Usual to express the M.L.D. as an average lethal dose 
. for a number of individuals. Virulence is also expressed as a 
fifty per cent, killing dose or LD 50 dose. Titration of virulence 
is donC' on similar animals in groups of equal numbers with 
graded arbitrary doses. The death rate for each dose is noted 
and ..from this the LD 50 dose is ' calculated. Investigations 
conducted on these lines have ahown that estimating the dose 
on the basis of a fifty per cent, monality rate proves more accurate 
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than on the basis of nny other percentage of mortality. Hence 
the expression LD 50. . ; . 

• Under cenain conditions, the vjnifcncc of bacteria is found 

to undergo aUcration. 3t may increase when it is called exalte- 
ihn, or diminish or disappear when it is known as attenuation 
(c.f.). ' Exaltation of virulence is found to occur by passage 
through a number of individuals of the same susceptible animal 
species in rapid succession. TIjc virulence of the rabies virus is 
thus greatly exalted by serial passage through rabbits. Heighten- 
ing of virulence by cultural methods is not very successful. 
Attenuation or a lowering of virulence can be brought about in 
various ways. Repeated subculttinng on artificial media is the 
commonest method. Other methods are growth in unsuitable 
media; cultivation at unfavourable temperatures as in the case 
of Pasteur's anthrax vaccine; growth in media containing weak 
antiseptics as employed in the creation of the B.C.G. strain; 
desiccation as cxempilfied in Pasteur’s dry cord antirabic vaccine; 
passage through insusceptible host species, c.g. conversion of 
the variola virus into the vaccinia virus; and prolonged keeping 
as in old cultures. •>. 

Repeated subcuUuring and cultivation under unfavourable 
conditions arc productive not only of it diminution or loss of 
virulence but also of certain associated change.'? in the cultural 
characters of a bacterium. TIicsc changes comprise bacterial 
dissociatjoii which is dealt »vith in another chapter. 

• Whether fluctuation in vindence occurs naturally 3ii the 
tissues of the host under the influence of the latter’s resistance 
is not -quite clear. That it docs is believed by some observers. 
The conception of epidemic strain has its origin in this belief. Some 
statistical evidence has been produced to show that acute cases 
of diphtheria are more infectious than carriers. It is held by 
some workers that during an epidemic a gradual fall in the 
number of susccptiblcs in the community equally well as a final 
lowering of virulence of the invading strain under the influence 
of increasing herd immunity would account for the termination 

of epidemics. These matters arc still in the speculative stage- ^ 

Another property concerned tvith infection is the invasiveness 
of bacteria. Invasiveness and to.xigenicity do not always’ coexist 
in the same species. Invasiveness (aggressiveness) is not synony- 
mous with virolcoce and it is wrong to use so; the former is 
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employed to denote the capacity 'to invade and spread into the 
tibsiics of the host. A virulent organism need not necessarily 
be invasive; for example, the diphtheria b.icilUis is generally very 
virulent but possesses iitde power of spreading imvard from the 
focus of infection. Different pathogens have different powers 
of invasiveness; some tend to remain localised about the point 
of entry and may or may not spread into the body subsequently, 
whilst others disseminate rapidly throughout the body. The 
invasivcncss among the toxigenic bacteria seems to bear an 
inverse ratio to the potency of the extracellular toxins they 
produce; the most powerful poison is produced by the least 
invasive one; the tetanus toxin is far more powerful than the 
streptococcal toxin, but, unlike the latter organism, the former 
possesses no invasive properties. 

The secretion of certain soluble nojuspcciCc substances,’ 
variously termed asgressins or viruUns, was postulated at one 
lime as the factors responsible for promoting the rapid diffusion 
of the iin-ading germ Into the tissues. These terms have been 
now given up, as there was no evidence that any such entities 
apart from the known factors were elaborated. It is a well 
established fact that bacteria during grov^th are able to elaborate 
certain aggressive substances which can destroy many of the 
tissue components and it is but reasonable to assume that io the 
mechanism of invasion these aggressive factors arc formed and 
brought into play to reduce the defence forces of the body and 
prepare the ground. But about the true nature of some at least 
of these aggressive factors we have now rnore definite knowledge; 
such are coagulases, haemofysins, feucocidins, fibrinolysins and 
spreading factor. Further, it is more than likely that invasive- 
ness does not depend on any one property of the organism but 
on a multiplicity of properties which work in collusion with one 
another. 

Capsule stands in a separate category from the above factors. 
It has a morphological existence and is closely allied to the body 
substance. The capsular material, composed of polysaccharide 
with occasionally an admixture of nitrogen and amino acids, is 
not toxic sui generis. Any correlation between capsule formation 
and virulence has not been established by adequate proof. There 
is some evidence to show that the virulence of a capsulated 
patbogen, fi.g. the pneumococcus, is (be maxmum when the' 
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capsule is fully developed and that it falls progressively with 
a fall in the capacity of the organism to produce capsule. It 
Cannot be doubted that the capsule is a protective mechanism 
of the organism. It is probably antl-phagocytic, in some way 
counteracting the phagocytic activity of the leucocytes. In this 
way it may indirectly favour a rapid dissemination of the 
organism. But the tissues are not helpless against this protective 
barrier. In their turn, they counter it by developing , anti- 
capsular antibodies which, it is only reasonable to suppose, are 
meant to break down this bacterial resistance. It is significant 
that immunisation with the capsular material of the pneumococcus 
has been found to engender as high a resistance to pneumococcal 
infection as immunisation with the entire organism. 

Dosage. The number of bacteria constituting an infectious 
dose is no doubt an influenring factor in determining infection. 
A few organisms gaining entry into the tissue may fail to 
establish a foothold there against the defence forces of the body. 
The conception of the M.L.D. is only a further elaboration of 
this fact. The dose depends upon the virulence of the organism. 
In some cases, as plague or anthrax, where the virulence of the 
invading microbe is of a high order, even a few organisms may 
be enough to set up infection. In the case of weakly virulent 
organisms, on the other hand, several times ibis dose will be 
necessary even to set up a mild infection. There is thus a close 
correlation between the number of bacteria necessary to produce 
infection and the virulence of the organism; the greater the 
virulence the smaller the iofectious dose and the minimum lethal 
dose {M.L.D.). 

Selective localisation: Site of Election. Many of the para- 
sitic bacteria after successful lodgement in the tissues select 
certain areas remote from the point of entry and colonise there. 
This is called selective localisation and the site so selected the 
site of. election. Some, however, remain at or about the point 
of entry and multiply causing disease. Probably, in these cases 
the site of election and the point of entry coincide. Or these 
organisms are constrained to remain at the point of entry due to ^ 
their limited power of invasiveness. For example, the diphtheria 
bacillus is confined to its site of entry, usually the tonsils and 
nasopharynx,, where the organism multiplies, causing the disease 
by virtue of its toxin absorbed into the system. This is apparently 
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due (o i(s restricted invasive quality. On the other hand, the 
pneumococcus, a highly invasive organism, apparently finds the 
lung tissue the most suitable soil for its colonisation. Localisation 
is also an expression ot host resistance, in which case it is not a 
subjective peculiarity of the parasite. From the primary scat 
of infection some of the organisms, for example the gonococcus, 
pneumococcus and others, may subsequently spread info the 
body and set up secondary foci of infection. Selective localisa- 
tion after invasion is most strikingly seen in the case of organisms 
like the meningococcus, the virus of poliomyelitis, the typhoid 
bacillus, the virus of smallpox, etc., each one choosing a particular ' 
tissue in which to set up its activity. Why does one organism 
prefer one tissue and another organism another tissue is not 
quite clear. The explanation may have to be sought for in the 
peculiar biological characters of the invading parasite. Also, 
some special features in (he metabolic processes of the selected 
tissue of the host, htdog in with the metabolic requirements of the 
parasite and presenting suitable soil, may have something to do 
with preferential localisation. Selective aliinities are also exhibited 
by the specific bacterial toxins, as for instance the tetanus toxin 
on the central nervous system. 

Results of Infection. A successful implantation of the 
organism on the host tissues is not immediately followed by 
disease. Between (he actual entry of the organism and the 
appearance of symptoms there is an interval which is, within 
limits, fixed for each bacterium. This is called the incubation 
period. It is a period of silent but intense preparation, rather, 
intense warfare; (he organism multiplies actively and produces 
poisonous factors in sulUcicut quantity. These on reaching the 
susceptible tissues combine with (hem and injure them and produce 
derangement of function, giving rise to local or general reaction 
or both; this is then revealed os disease. The resulting disease, 
whether local or general, may be either acute, subacute or chronic. 
When the infection is confined to one part or organ, it is a local 
infection, e.g. abscess, boil, lobar pneumonia, pulmonary tuber- 
culosis. A local infection may subsequently become general. 
On the other band, the invading organism may be carried beyond 
the point of entry by lymphatic or blood stream before starting 
disease from one or more selected sites or as a generalised 
jofeetjon, 
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The invasion and persistent presence of bacteria in the 
blood is called septicaemia. It is associated with niarkcd clinical 
evidence of generalised infection. In the early stages of typhoid 
fever, very often in the later stages of lobar pneumonia,' in 
osteomyelitis, puerperal sepsis, plague and other conditions, per- 
•sistent invasion of blood by the causative agcnroccurs. The active 
proliferation of organisms In the blood is considered a necessary 
feature of septicaemia. It is, however, doubtful whether organisms 
nre able to multiply freely in the blood. They may invade the 
blood in the course of dissemination or as a result of remvasion 
from foci of active multiplication set up in the organs at an 
earlier stage. The term bacteraemia is applied to denote a 
transient presence of bacteria in the blood stream. Many workers 
use the terms septicaemia and bacteraemia interchangeably. When 
bacteria from a primary focus of infection invade the blood, they 
arc carried to various organs where they may set up multiple 
secondary foci of inflammation, necrosis and abscess formation; 
this condition is known as pyaemia. It is the pyogenic organisms 
that are responsible for this condition. Septic emboU detached 
from a primary lesion are the usual cause of metastatic abscesses 
in internal organs. Toxaemia is a condition in which the toxic 
products of bacteria, particularly (he soluble tOxins, absorbed 
from the primary seat of infection circulate in the blood and 
cause dam.ige to the susceptible tissues. Tetanus, diphtheria, 
cholera and dysentery arc some of the notable examples of 
toxaemia. 

Latent infection and Atypical Infection. Infection may not 
always result in the production of clinical manifestations. The 
number of the invading organism may be too few, its virulence 
low or the resistance of the host high that, although the parasite 
'obtains lodgement in the tissues, it is unable to multiply actively 
and produce detectable clinical effects. Such a condition is known 
as suhcUnical or htent infection. For example, a syphilitic infec- 
tion may be concealed from the beginning and remain so for 
varying periods, sometimes even throughout life. The result of 
such an infection is, therefore, the establishment of a carrier 
state. Latency is merely cltnical and not pathological. The 
parasite is not altogether inactive. Minimal pathological changes, 
too sm.'ill to cause disturbance of function or clinic.il symptorns, 
do occur, Often because of the resistance of the host, the 
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infection is merely kept under control, establishing a delicate 
balance between the parasite and the host. At any time the 
resistance is impaired the condition may flare up into active 
disease. 

In other cases the activity of the parasites, and the consequent 
response of the tissues, may be sufllcicnlly pronounced to give 
rise to clinical manifestations. Out the symptoms may not at 
all resemble those characteristic of the particular organism. Such 
R condition is termed atypical infection. 

Focal Infection. A circumscribed chronic area of infection 
in some part of the body constitutes focal infection. Any 
organism may be responsible for it, but the most important ones 
seem to be the streptococcus, staphylococcus, gonococcus and 
JJact. call' in that order. The common sites are apices of teeth, 
tonsillar follicles, accessory nasal sinuses, upper and lower 
respiratory tracts and the intestinal and geniio-urinary tracts. 
From such primary foci bacteria or their toxic products may be 
carried through the blood or lymph setting up secondary lesions 
in the more distant areas, such as the synovial membranes of 
Joints, the sheaths of nerves, muscles and tendons, the eye and 
other organs. Such undefined non*spccif)c jjifections are also 
possibly related to the aetiology of many vague ph.wa! and 
mental disturbances. Absorption of bacterial proteins from the 
primary foci may sometimes lead to the establishment of a state 
of sensitisation. Further, a slow process of immunisation may 
'occur, resulting in course of lime m the production of a low 
grade immunity which, however, may not be sufficient to kill off 
the primary infection. 

Mixed Infection and Secondary Infection. An infection is 
generally due to a single pathogenic bacterium. But sometimes 
there may be more than one involved from the beginning. It 
is called mixed iufeeiton. Examples of this are wound infections, 
gas gangrene, boils and many respiratory infections. It may be 
that some one of the organisms in mixed infection is more 
important than the rest; also, at times the others may be 
“saprophytic as often happens m gas gangrene. When infection 
by a pathogenic microbe supervenes on an already existing 
infection, the condition is called secondary infection i for example, 
the secondary invasion of the skin lesions of smallpox by the 
Staphylococcus, the frequent invarion of influenza lesions by the 
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come out of the cell body but remains in it, this type of toxin is 
called endotoxin. If suitable fiuid cultures of such organisms as 
the typhoid or the cholera bacillus are filtered, the filtrate is 
innocuous or only slightly toxic, while the bacillary body, even 
when dead and disintegrated, is poisonous to animaltissues. Whe- 
ther there is any separate specific endotoxin associated with such 
organisms is very doubtful; attempts to isolate such have not 
so far resulted in any convincing success. In a bacterial lesion 
of this type, there is the dead and disintegrated bodies of millions 
of bacteria, and their protoplasm is presumably the toxic factor 
responsible for pathogenesis. No other poisonous agent has 
been demonstrated to be responsible for the production of lesions. 
In striking contrast to it, the roost important toxic factor in the 
case of organisms like the diphtheria or the tetanus bacillus is 
the soluble toxin, although the dead bacterial protoplasm also 
may play a minor role. 

A great many pathogenic bacteria, such as the enteric, cholera 
and tubercle bacilli, owe their pathogenicity entirely to endo- 
toxins, no exotoxin being produced by them. In the case of some 
others, like the diphtheria, tetanus and welchii bacilli, it is pre- 
dominantly the exotoxin that plays the toxic role and yet in a 
third group, illustrated by the staphylococcus, streptococcus and 
Shiga bacillus, both endotoxin and exotoxin are concerned in 
pathogenesis. 

The exotoxins are obtained free of bacteria by centrifugation • 
or filtration through any of the bacterial filters. The endotoxins 
are obtwned by disintegrating the bacterial cells by prolonged 
grinding, alternate freezing and thawing or by merely albwing 
them to undergo autolysis. The properties of the soluble toxins 
are studied by injecriog culture filtrates into susceptible animals, 
but in the case of endotoxins the whole organism itself is injected. 

Certain environmental conditions appear essential for the 
development of exotoxin. For example, the optimum production 
of the soluble toxins of Staphylococcus aureus is obtained in an 
acid medium; the presence of copper and iron in optimal con- 
centrations appears to be necessary for the synthesis of the diph- 
theria toxin. No such condition is apparently necessary for the 
elaboration of endotoxin. 

The exotoxins are very unstable compared to the endotoxins. 
The former soon deteriorate pn standing and arc readily destroyed 
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by heat. Most of them arc rendered inactive in ten minutes 
at 80® C. ; the botulinum and Dick toxins being exceptions. In *■ 
contrast to it, the endotoxins arc, as a rule, thermostable, 
withstanding a temperature of 80®-l00“ C. for one hour. While 
almost all the exotoxins are subject to proteolytic digestion, - 
the action of such ferments on endotoxins is irregular; a great 
many are not affected, but some are digested. Again, formal- 
dehyde detoxicates the exotoxins. but it has no such effect on the 
endo’toxins. 

When soluble toxins arc detoxicated by the action of formal-., 
dehyde, the product is called loxofd or anatoxin. Though toxoid 
has lost its toxicity, it retains its antigenicity and specific com- 
bining powers. ITiis is of very great practical importance in 
artificial immunisation. Detoxication can also be effected by 
keeping or by the agency of certain other chemicals. 

The extracellular toxins arc some of the most powerful 
toxins known. Only certain plant poisons, for Instance riein 
and abrin, can approach them in potency. An idea of their 
potency can be had from the knowledge that, while the M. L. D. 
of atropine for an adult person is 130 mg., of strychnine 30^0 mg. 
and of the cobra venom 4 -4 mg., the M. L. D. of the crude 
tetanus toxin is only 0 *2 mg. or even less. The botulinum toxin 
has been computed to be about 10,000 times more poisonous than 
potassium cyanide. In their purified state the soluble toxins have 
been found to be lethal to expeiimental animals in extremely 
minute doses. For example, a dose of 0 0004 mg. of a purified 
diphtheria toxin per kilogram of body weight is enough to kill 
guinea-pigs. The most virulent toxins arc those of the tetanus, 
botulinum and diphtheria bacilli. Compared to the exotoxins, 
the endotoxins arc of very low toxicity. Relatively large doses 
are necessary to kill experimental animals ; for example, a dose 
of 0-5 c.c. of a killed broth culture of V. cholerae is required 
to kill a standard guinea-pig. 

Another important property of the extracellular toxins is 
their high antigenicity; immunisation of suitable animals with 
these toxins yield highly potent antitoxic sera. For instance, 
one cubic centimetre of a diphtheria or tetanus antiserum will 
contain sufficient antitoxin to neutralise thousands of minimum 
lethal doses of the corresponding toxin. On the other hand, the 
endotoxins show relatively poor antigenic capacity and the antisera 
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prepared against them arc generally of low potency, requiriflg 
large amounts to neutralise an M. L. D.- of endotoxin. Further, 
the neutralisation of exotojun by antitoxin follows roughly the 
law of multiple proportion; that is, if a units of antitoxin will 
neutralise b units of toxin, then na units of antitoxin will be 
required to neutralise nh units of toxin. No such quantitative 
relationship governs the neutralisation of endotoxins. 

The chemistry of bacterial toxins is only poorly understood, 
though much attention has been paid to it. None of the soluble 
toxins has been isolated in an entirely pure form. However, 
there is sufficient evidence to show that the soluble toxins ate 
proteins composed of the usual amino acids. These toxins, with 
the exception of the botulinum toxin, are digested by the proteo- 
lytic ferments. Hence, administered by the mouth, they arc 
ineffective. How exactly they injure the tissue cell is not known. 
Some of the endotoxins are proteins, while others appear to be 
glucolipoids. 

In general, the soluble toxins display definite pharmacological 
properties, resembling in this respect the plant alkaloids. Further, 
these properties are specific. For example, the tetanus . toxin 
(tetanospasmin) uniformly acts on the motor nerve cells, 'the 
diphtheria toxin on the cardiac muscle and adrenals, the toxin 
of the Shiga bacillus on the intestinal mucosa and so on. In 
contrast to these, the endotoxins do not evince any characte- 
ristic properties. The administration of a lethal dose of any endo- 
toxin gives identical symptomatology to that caused by any other 
endotoxin, no particular tissue being picked up for selective action 
in any case. 

In this connection, it is interesting to note that certain 
organic poisons of animal origin display chemical and physio 
logical properties exactly similar to those of the soluble bacterial 
toxins ; venoms of snakes, scorpions and spiders are well known 
examples. With these antivenins can be prepared, like anti- 
toxins, in animals, which are specific and of great value. 

In' addition to the major toxins, bacterial parasites may 
elaborate during growth many other substances which, though 
not primarily toxic, are, nevertheless, capable of aggravating 
infection by virtue of certain special properties they possess, 
most familiar of these are haemolysins and leucocidins, which 
destroy the red and white blood cells respectively; coagulases anq 
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fibrmolysins, which are of enzymic nature; a group of substances 
called bacterial X substances of which the spreading factor is the 
best known example. Further, the pathogenic bacteria, parti- 
cularly those that do not form soluble toxins, are associated with 
certain constituents which sensitise the host tissues; they are 
termed bacterial allergens. Again, partial antigens or haptens 
(p. 234) may be primarily toxic. They may also act detrimentally 
to the host by combining with non-specific defence factors like 
opsonins or with specific antibodies. In the pneumococcal in- 
fection, for instance, the capsular substance is regarded as inter- 
fering with the phagocytic mechanism by combining with the 
opsonic principles of blood. 

Bactrrlal Hacmolyslns, These arc bacterial products which 
bring about lysis or dissolution of the red blood cells. Bacterial 
haemolystns are to be distinguished from the immune haemolysios 
which are developed by the tissues of an animal in response to 
injection with the red cells of another species. The former come 
under the category of bacterial antigens, while the latter belong 
to the opposite group, bacterial antibodies. In most instances 
bacterial haemolysins are extracellular and filterable, hence 
filterable haemolysins. Sometimes an organism causes haemolysis 
on solid media containing whole blood but fail to yield haemolytic 
factors when grown on liquid media. This has to be remembered 
when testing for haemolysin. 

Many bacterial species form filterable haemolysin. Examples 
are Staph, aureus, certain types of streptococci and Cl. welchii', 
reference may be made to individual organisms. With some 
species haemolysins are formed early during growth and with others 
later. Their formation is also conditioned by certain environ- 
mental factors. Some are elaborated only in the presence of 
oxygen, while others are rapidly inactivated by oxygen,, i.e. 
oxygen sensitive. Ihe presence of serum in the culture media 
favours the production of haemolysins. Certairt special food 
factors may also be necessary for their elaboration. 

Haemolytic activity is usually demonstrated by a clearing of 
the medium around colonies grown on blood agar plates. This 
is the beta type of haemolysis. Another is the alpha type in which 
there is a greenish discoloration of the medium in the immediate 
vicinity of the colonies (see Chapter XVII). A more satisfactory 
method is by the addition of whole culture or its filtrate to a. 
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suspension of washed red cells in normal saline; incubation of 
the mixture is followed by disintegration of the corpuscles and 
liberation of haemoglobin. 

Bacterial haeraolysins belong to' the category of exotoxins. 
They are thermolabile, being inactivated by heat at 55° C. for 
thirty minutes. Some are oxygen stable ; some are oxygen sensi- 
tive and are capable of remaining in the reduced as well as in 
the oxidised state. Bacterial haemolysins are probably protein 
in nature. They are antigenic and stimulate the production of 
antihaemolysins. 

Haemolysins are not simple entities; there are several types 
ot haemolysins, exhibiting differences in immunological speci- 
ficity, resistance, the species of erythrocytes on which they act 
and so on. Even a single bacterial species may produce more 
than one haemolysin ; for instance, some strains of streptococci 
produce two haemolysins, one oxygen stable but heat sensitive and 
the other heat stable but oxygen sensitive. The haemolytic acti- 
vity is determined by the source of the erythrocytes; that is, 
different haemolysins act on erythrocytes of different speciesjof 
animals; a particular haemolysin may lyse rabbit cells but not 
sheep cells. For example, certain strains of staphylococci produce 
at least two haemolysins, one acting on both rabbit and sheep 
cells and the other acting only on sheep cells. 

What part haemolysin plays in the pathogenesis of infection 
is not quite clear. There is no certain evidence of in vivo haemd- 
Jysis taking place in all cases of infeclion with haemolytic pathogens. 
The haemolytic activity, however, appears in some cases at least 
related to virulence, as in the case of streptococci and staphylo- 
cocci. On the other hand, the capacity to produce haeniotysin 
is not peculiar to the pathogenic species; many saprophytic 
bacteria produce filterable haemolysins. 

Leucocidins. Leucocidins constitute another type of aggressive 
factors formed by some bacteria during growth. : They should 
not be confused with the immune leucocidins which can be pre- 
pared in the experimental animals by injecting them with foreign 
leucocytes. Their action is principally on the polymorphonuclear 
leucocytes and consists of degenerative changes, fragmentation 
of the nuclei and death with or without disintegration. 

Many species of bacteria, ‘such as staphylococci, ' strepto- 
coed and pneumococci, form leucoddins. As in the case of 
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hacmolysins, there are many leucocidins. The 'same species, 
nay even a single strain, may elaborate more than one leucocjdin. 
Again, not only between difTcrent species of bacteria but also 
between different strains of the same species are encountered 
u-ide differences in the quantities of leucocidins produced. Leuco' 
cidins differ in their resistance to heat ; they also exhibit a selective 
action on the leucocytes of different animal species. 

Leucocidins, like hacmolysins, arc antigenic and bear a close 
resemblance to them. Some of the hacmolysins also exhibit 
leucocidal properties, suggesting that both are identical. What 
part leucocidins play in the pathogenesis of infection has not 
been fully elucidated. Probably, they help the organism in over* 
coming the defence mechanism of the host tissues and thereby pave 
the way for the rapid spread of the invader from the point of 
attack. 

Coagolasc and Flbrinolysln. Some bacteria, notably staphylo- 
coccus, produce a fermcnl-Iike substance, coagulase^ which 
accelarates the clotting of human and rabbit plasma. Tbe addition 
of tbe particular organism to citrated or oxalated plasma leads 
to the coagulation of the latter after a specifed time interval. 
The coagulase is relatively heat-resistant ; exposure to 100* C. 
for thirty minutes fails to inactivate it completely. It is not 
filterable. Available evidence suggests that there is protein in 
its constitution. Coagulase is not definitely known to be anti- 
genic. Its role in the mechanism of infection is by no means 
clear. Coagulase may be a protective factor, enabling bacteria 
to consolidate the ground gained during infection. 

Fibrinolysin is another fenneDl-bke substance exhibiting 
just the opposite property, viz,, dissolving tbe blood clots whether 
formed through coagulase action or other agencies. The capa- 
city to produce fibrinolysin is associated with many pathogenic 
microbes but particularly with certain groups of streptococci. 
To some extent fibrinolysin is specific; for instance, certain 
strains of streptococci will dissolve clotted human plasma but not 
clotted animal plasma. The same bacterial species may produce 
both coagulase and fibrinolysin. Though enzyme-like, fibrino- 
lysin is relatively heat stable. It is probably protein in nature 
and antigenic. Because of its lytic action on clotted plasma, 
it is only reasonable to suppose that fibrinolysin has a greater 
role in the mechanism of infection than coagulase. By dissolving 
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the fibrin barrier erected by the host defence against the invading 
organism, apparently to localise the infective process, fibrinolysin 
may facilitate rapid diffusion of infection into the tissues, thus 
promoting invasiveness. In favour of this view is the fact that 
organisms that form fibrinolysin are markedly invasive, although 
the opposite is not always the case. 

Spreading Factor. Another interesting substance , that is 
developed by many pathogenic bacteria is what is called the 
spreading or diffusing factor. It probably belongs to the category 
of bacterial products described under the name of bacterial X 
substances which appear to be capillary poisons. It markedly 
enhances the permeability of tissues. Extracts of organisms 
that elaborate the spreading factor, when combined with other 
bacteria, toxins or materials like Indian ink and injected into the 
skin, promote the rapid diffusion of these into the tissues. Many 
pathogenic bacteria produce this factor, particularly the invasive 
ones like certain strains of staphylococci, streptococci and pneumo* 
cocci. There can be no reasonable doubt, therefore, that the 
capacity to produce this factor is closely related to invasiveness, 
An interesting point is that a similar factor which increases the 
permeability of tissues has been extracted from certain mamma- 
lian tissues, notably the testes. There is also evidence to suggest 
that the spreading factor is identical with the enzyme hyaluro- 
nidase. 

We have indicated above the various well defined weapons 
of aggression and defence possessed by the pathogenic microbes, 
by the aid of which they invade the living tissues, overcome resist- 
ance, establish infection and cause disease. Yet there may be 
others of minor importance, of which we have only faint knowledge, 
which go to constitute the totality of bacterial virulence, and may, 
therefore, be taking part in the process of infection. It is not 
known what exact part the nccrotoxin of staphylococci plays in 
natural infection. More obscure is the nature as well as the role 
of the hypothermic factor reported in association with the Shiga 
bacillus. Another interesting observation is the change in the 
level of blood sugar brought about by certain intestinal patho- 
gens in the experimental animal. Also, little is known about 
the function or purpose of some of the minor antigens described 
in association with many pathogenic bacteria. These and simi- 
lar factors demand intense study before their actual role, if any- 
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in tbc mechanism of infection and pathogenesis can be fully 
tevcalcd. 

ptomaines are not true bacterial poisons and are not derived 
from bacteria. They arc protein cleavage productas of the nature 
of amines produced as the result of bacterial activity on the sub- 
strate. As they w ere considered to be toxic, these amines received 
the name ptomaines. Ptomaine poisoning is an exceedingly 
rare event and what was previously regarded as ptomaine poiso* 
ning was only true bacterial food poisoning caused by the con- 
sumption of food containing living organisms or their toxins, 

Protccihc Factors of (he Host. Successful infection is also 
largely dependent on the protective powers of the host. Broadly 
speaking, all these powers may be included in the term immunity 
which means resistance to infection, inherited or developed during 
life. The host is provided with different methods of defence 
some of which arc non-specific and common 10 all animals and 
operable against any parasitic species. AU these factors of 
resistance can be brought under four categories, mechanical, 
chemical, cellular and humoral. It 1$ possible that certain non* 
specific reactions of the body may also have a defence significance. 
For example, there is the view that fever itself may enhance the 
resistance of the host against the invading bacteria. The first 
line of defence against microbic invasion is formed by the mecha- 
nical obstruction offered by the investing layers of the body. 
This is reinforced in no small measure by their secretions and 
excretions which arc also conccmcd with preventing the organism 
from entering into the body. The cellular and humoral defences 
come into play only after the invading microbe has actually 
reached the tissues. 

Mechanical Barrier to lafection. This is provided by the 
natural coverings of the body surfaces, the skin and the mucous 
membranes with their appendages. The vast majority of micro- 
organisms are unable to penetrate the intact surfaces. Even 
those organisms that are normally present in the superficiaWayers 
of the skin are unable to enter the subjacent tissues unless it is 
favoured by some cutaneous injury, such as a cut or burn. The 
ducts of the sweat glands and the hair follicles do not usually permit 
the entry of these organisms without some sort of previous trauma 
or dirt accumulation. Available evidence also tends to show that 
the clean skin may be actively bactericidal; organisms that are 
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not normally found on tho sWn. for instance the typhoid and colon 
bacilli, are destroyed within a short time when swabbed on the 
skin. Appendages like hair and the cilia of the epithelium are 
fnrthcr hindrances to the entrance of bacteria, especially when 
they line narrow passages as those in the respiratory tract. For 
instance, bacteria that are present in the inspired air are largely 
filtered off during their passage through the upper respiratory 
tract ; many of them are also caught on the moist surfaces of the 
mucous membrane and the ultimate result is that few reach the 
smaller tubes. 

Chemical Action of Secretions and Excretions. In virtue of 
their bactericidal properties, these lend to destroy the invading 
parasite. In addition, they also exert a mechanical or flushing 
action and remove the bacteria from the point of attack. The 
flushing action of tears is a common experience. As already 
mentioned, many of the particulate materials including germs 
entering through the nose are caught in the mucus and ejected 
out periodically. It has been shown recently that a virus inacti- 
vating agent (VIA), unconnected with lysozyme, is normally 
present in the nasal secretions. Its role in resistance to infection 
has not been worked out. Mucus, wherever it is secreted, fulfils 
the same protective function; it has no bactericidal quality. 
Saliva is only mildly bactericidal and its anti-infection role is 
almost wholly mechamcal in nature. The free hydrochloric acid 
of the gastric juice is highly bactericidal and acts as a hindrance 
to the passage of most bacteria through the stomach. Ihe 
normal vagmal secretion is acid and displays marked bactericidal 
properties. Sweat and sebum serve as mere physical barriers 
against the attack of bacteria. The antiseptic properties of most 
of the secretions which are not of a high order, appear to be due 
to the presence of a ferment-Jike substance called lysozyme. 
Although its bactericidal power against certain saprophytes is 
high, its effect on the pathogenic forms is not appreciable. The 
greatest concentration of it is found in tears, whereas it is not pre- 
sent in sweat, urine and cerebrospinal fluid. It is also found 
in all tissues and also in egg white. The pH of the secretions ij' 
also an important factor m determining their bactericidal eiSciency. 

Normal Bacterial Flora. The normal bacterial flora (p. Id3) 
of tlic body would also seem to play a protective role. 
Probably by means of the normal products of growth, such as 
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acid, the indigenous bacteria! population of a region may prevent 
colonisation of that region by an exotic species. For example, the 
aciduric bacteria of the intestines tend to prevent the colonisation 
of the gut by the abnormal pathogenic bacteria; Dodericin’s 
bacillus of the vagina also acts likewise. 

Cellular Activity or Phagocytosis. The capacity of certain 
types of cells to engulf and destroy bacteria is a non-specific but 
important factor in the natural defence mechanism of the body. 
The cells of the reiiculo-endothchal system and the leucocytes, 
particularly the polymorphonuclear type, arc the ones mainly 
concerned with phagocytosis. Phagocytosis is by no means an 
independent action of the cells; certain natural substances, and 
even antibodies, contained to the body iluids exercise a proAiund 
inJluence on phagocytosis. The subject is discussed in 'detail 
in a later chapter. 

Humoral Activity, The tissues manufacture antibodies against 
the invading parasite and throw them into circulation. ‘Thus, 
the fluids are able to exert a powerful protective action against 
infection. These antibodies may destroy or help to destroy 
bacteria or to neutralise the bacterial toxins. Infection serves 
as a stimulus for their production and the degree of response is 
an essential factor in determining the course of disease (p. 222), 

Gencial Factors. Besides the above protective mechanisms, 
certain conditions concerning the host and his environment do 
play a significant part in determining not only infection but also 
its subsequent course. Species, racial and individual differences 
in immunity arc discussed in a following chapter. The effect of 
the age of the host on resistance to infection is not uniformly 
conspicuous in all infections; in some it is pronounced, while 
in' others inapparent. In general, the immature tissues would 
seem less able to cope with infection than the mature. It 
has been demonstrated that the young infant responds but feebly 
to active immunisation. There is some evidence to show that 
its reticulo-endothelial system does not react well to the stimulus 
of infection. A subnormal titre of complement is a notable defi- 
ciency of the new born ; similarly, some workers have postulated 
the existence of a special antibody-forming apparatus which is 
immature in the infant but becomes mature wii growth. This, 
however, is based' on slender evidence. But it is a well known 
observation that infants up to six months or a year ere relatively 
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(jmniunjj^Js_the^ capacity to resist infectioa.t The opposite 
condition is called susceptibility.- It is self-evlSent that these 
two conditions are inversely related to, each other. Anything 
that enhances the resistance of a host to infection reduces his 
susceptibility and ^cc versa. Broadly- speaking, |iiiimunity to 
bacterial infection exists eitl^r as innate or genetic powers, trans* 
mitted from parents to progeny and^cntirely independent of 
externat conditions for their o'ri^n and functioning, or* as 
acquired properties , which depend upon environmental factor^, 
such as contact 'with iufectio^, for their production^ It should 
be clearly understood that, while this division is convenient for 
discussion, it is often impossible to assign a particular case of 
immunity to natural resistance or to resistance acquired as the 
result of inapparent infection. ‘ Further, experience leaches that 
resistance to infection, in whatever form it is seen, is a variable 
factor. Different host species. and even different individuals of, 
the same host ^species display different degrees of resistance to 
the same bacterial species^ It is a common observation that 
when an individual has once suffered from smallpox or measles, 
he does not generally get it again in future, indicating the acquisi- 
tion of life-long protection as the result of the attack, while even 
the closely associating domestic animals, like cats and dogs, do not 
contract the infection at all. Again, an individual may react 
fatally to an infection, another with a serious or mild disease, 
while a third may show no apparent reaction at all. All these 
clearly indicate that immunity exists under different conditions 
and in different degrees. Tlie various types of immunity are 
summarised below: 

1. Innate Immunity Natural ; . 

(■Naturally acquired. 

{ (fl) Active (Artificially acquired. 

(Naturally acquired 
(b) Passive ( (congenital). 

(Artificially acquired. 
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Innate Immonify. (Resistance to infection is a natural gift; it 
may be complete or partial with varying grades. This natural non- 
susceptibility to infection is called innate immunity . ) While innate 
immunity is a common phenomenon, we know practically nothing 
about its immunological basis. Though much experimental work 
has been done on this subject, the results are quite inconclusive. 
Immunity, or susceptibility, shows species, racial and individual 
variations. Though man and animals arc alike subject to infec- 
tious diseases, the type of infection is not always common to them. 
Syphilis, gonorrhoea, leprosy, measles, diphtheria, cholera and 
many other diseases do not occur spontaneously in any of the 
lower animals and it is even diOicuIt to reproduce many of them, 
in any of the animals; so also birds are immune to tetanus a 
disease affecting man and certain of the lower animals. Con- 
versely, certain diseases arc peculiar to animals and are not found 
to affect man, e.g. rinderpest or chicken cholera. These examples 
fully illustrate species immun ity. 

Again, all races of the same species are not found to exhibit 
the same proneness to a particular infection. For exomple, 
anthrax is a common disease of sheep, but the Algerian race of 
sheep is singularly immune from anthrax. This is an instance of 
racial immuni ty. It is very doubtful whether racial immunity isj 
a striking feature among human beings. Many attempts have 
been made to establish its existence, nic results of most of them 
arc of questionable evidential value. . Uic oft-quoted resistance of 
the Negroes to yellow fever has been all but completely proved 
to be the result of inapparent or mild childhood infection. The 
greater incidence of tuberculosis among fbc'American Negroes 
can be traced on closer scrutiny to unfavourable environmental 
factors as poor diet, poor housing conditions and the like: Nor 
is the observation that some of the primitive races are extra- 
ordinarily susceptible to certain infections like tuberculosis and 
syphilis when first introduced among them a weighty support for 
the existence of any special racial susceptibility among them. For 
history tells that the Europeans also reacted to syphilis in a similar 
manner when it was first introduced into that country. Thus, most 
of the instances quoted of racial immunity among man can be 
controverted on equally or often more reasonable grounds. 

Individuals also evince wide differences in their capacity to 
resist infection. It is a common observation that qll those who 
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are exposed to a particular infectious disease do not get the infe- 
ction; all those who come in contact with a diphtheria patient or 
a meningitis patient* for example, are not attacked by the disease; 
some of them are apparently unaffected, some resist it for a long 
time, while a few may readily imbibe the infection. Of those 
who develop the disease, some get it in a fatal form, many in a 
serious form and recover only after a prolonged course, while 
some develop only a mild or abortive form. Clearly then, uni- 
formity of reaction on the part of individuals is lacking.'^ The 
basis of this difference, no doubt, is the variable factor oi indivi - 
dual resistanc e. The ultimate entity that is responsible forTnese 
variations in immunity is the living tissue. Therefore, it is easy 
to understand that tissue resistance is also a variable factor. 

^ On what exactly does individual resistance depend is not 
clear. There may not be much doubt that some innate protective 
mechanism is inherited by the individual ; but regarding its funda- 
mental nature, component parts or mode of operation little is 
known. We have to fall back upon such factors as the bactericidal 
property of tissues and body fluids, opsonins, complement Md 
probably other unknown entities. As also in the case of species 
resistance, it is a plausible stand to argue on Ehrlich’s hypothesis 
(that the tissue units of the resistant individuals lack the special 
receptors which are ultimately essential to bring about effective 
contact between bacteria or their products on the one hand and 
cells on the other^ There is, however, no doubt that resistance 
in a great many cases of supposed innate individual immunity 
rests on immunity acquired through inapparent contact with 
the infectious agents. More often than not antibodies, the so- 
called natural antibodies, ate present in them and rnost probably 


that provides the clue to their immunity. ' 

Acquifcd Immunity. The resistance developed as the result 
of accidental infection or artificial immunisation is called a^uirea 
immunity. It mfiy he. active passive. The term artive is useo 

to denote that the immunity is set up by the unaided a i y 
of the tissues of the host, no extraneous help being invo 
in its production. Passive immunity, on the other hand, in ica 
that the tissues, of the beneficiary of the immunity play 
a passive role in the development of that immunity, i 
transferred from an actively immunised ipdividual to a non- 


protected one, 
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The development of protection after an attack of infectious 
disease is an ancient observation, though its rational basis is of 
recent unfolding. Many of the infectious diseases seldom occur 
more than once in the same individual. Such is the case with 
many of the virus diseases, typhoid f^r, plague, diphtheria and 
others. The protection conferred by a single attack oi any of 
these diseases is lasting, often for life. Should a second attack 
occur, it will be only of a very mild of abortive fonn. In some 
diseases, however, though immunity develops, if'is evanescent 
or short'Uved as in syphilis, pneumonia, gonorrhoea, influenza 
and others. The above are instances of acquired 'immunity 
developed as the result of natural or spontaneous jnfection. In 
this category should also be included the resistance developed 
as the result of latent infection or carrier state, although it may 
be but of a low degree. 

It has been found possible to imitate nature and create or 
enhance immunity artificially by injecting bacteria or their 
products (ezotoxins) into the susceptible man or animal. In this, 
similar to what happens in natural infection, we are artificially 
introducing into the tissues the infectious agent, bacteria, or its 
toxins and thus provide the stimulus necessary for producing immu> 
nity without causing disease . , This is acquired artificial immunity. 
In both the above types of acquired immunity, the condition is 
created solely through (he efforts of the host tissues and, there* 
fore, they come under the category of acquired active immunity. 

The method of artificial inimunisalioaby the injection of dead 
or living organisms is caIIed'race///a<r/on. It is done in a variety 
of ways; with sublethal doses of -living virulent organisms, this 
method is not now practised in man; with attenuated living 
organisms (p. 202) as in anthrax, B.CG. or sm allpox vaccination; 
or With dead bacteria, as fn immunisation against staphylo'ccccal 
or colon .bacillus mfections. There is evidence to show that 
vaccination bad been practised (China and India) in very ancient 
times. However, Edward Jenner was the first to discover and 
^ demonstrate the value of vaccination on a scientific basis and 
inaugurate a rational method of immunisation against smallpox • 
(1796). Many before Jennerhad noticed that milk maids and 
other dairy workers, who got vaccinia or cowpox in the course 
of their work; escaped getting smallpox when the latter prevailed 
in the community. But Jenner was the first to recognise that the 
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pox so developed was identical with the lesions of smallpox. 
This observation led him eventually to the discovery that injection’ 
of cowpox material into a susceptible man conferred protection 
against smallpox.' The next notable contribution to the subject 
was that of Louis Pasteur. As the result of extensive experiments 
on chicken cholera, mnthratt and rabies, Pasteur, in the second 
half of the last century, established the principles of vaccination 
on incontrovertible scientific basis. In all his work Pasteur 
employed only living organisms, though attenuated of virulence. 
Jenner’s as well as Pasteur’s methods of attenuation have under- 
gone many technical modifications, though the underlying prin- 
ciple remains the same. Pasteur’s method of antirabic immunisa- 
tion is still in vogue in France and some other parts of the world. 
Yellow fever and tuberculosis arc other diseases in which vacci- 
nation with attenuated organisms has been introduced as a 
measure of prevention. 

Active immunisation with dead bacteria was of a later intro- 
duction. Vaccine prepared by this method is now more commonly 
employed than attenuated vaccine in treatment as well as for 
prophylactic immunisation in man. Cholera, enteric ^ver and 
plague are some of the diseases against which prophylacticlmmu- 
msation with dead organisms is- now' widely practised."^ An 
important point to bear in mind in connection with this method 
of immunisation is that ^acteria undergo spontaneous variation 
into avirulent form and vaccines made with -such antigenically 
degenerate forms will not confer efficient protection. Hence, • 
organisms in the virulent or smooth state only should be 
employed in the preparation of vaccines. A no less important 
point is that in the killing of bacteria only those methods that 
will cause the minimum change Tn the physicochemical state of 
the antigen should be employed, lest destruction -of any of the 
vital components, that may otherwise occur, may interfere with 
the efficiency of immunisation. The methods of killing in common 
use are heating at low temperature, Si^-dO^C. for thirty minutes, ^ 
and treating with certain chemicals such fonnalig —0*1 per 
cent., phenol —0*5 per cent.; and tricresol —0*3 per 
Treatment with alcohol has been recommended of late as it 
does not destroy the labile antigen. ” ... 

Active immunity can also be induced artificially by injecting 
with soluble toxins. JX js called antitoxic immunity as ag^mst 
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anlibactcrial immunity produced by vaccination. Aclive'artificial 
immunisation with toxin is founded on the observation of 
Behring and Kitasato who successfully immunised rabbits against 
diphtheria by injecting them with filtrates of diphtheria culture. 
Since then, much work has been done on the subject and 
immunisation has been shown possible in all cases in which 
a true exotoxin is formed. This method of immunisation is now 
extensively practised, notably in the prophylaxis of diphtheria 
and tetanus. It is also employed in immunising animals for the 
production of immune sera. An important advance In this line 
has been the introduction of toxoid, a detoxicated but antigenic 
product, as an effective substitute for the risky toxin. 

The duration of active immunity induced by artificial means, 
be it by vaccination or by the injection of soluble toxins, may 
vary from a few months to several years. It may not be so 
efficient as that engendered by disease. The reason for this may 
not be. far to seeic In the former the stimulus provided is far 
more restricted than that provided by actual disease in which the 
stimulus is effective practically throughout the body. Again, 
the immunity produced by artificial means may vary in degree 
contingent on the quality of the antigen employed. Some 
bacteria, like the typhoid bacillus and the staphylococcus, form 
effident antigens, while others, like the gonococcus, exhibit but 
poor antigenic virtue. The practical value of active artificial 
immunisation is dealt with under individual organisms. 

Ixical Immunity. The hypothesis of local immunity has been 
chiefly advocated in recent years by Besredka. He believes that 
,^’specific localisation of tissues by bacteria is an essential factor 
in the production of disease. By whatever route an organism 
- gains access to the body, eventually it should reach the tissue 
N,' of its choice before it can ’cause disease. If, therefore, the 
particular susceptible tissue is actively immunised against the 
specific agent, the body as a whole is thereby protected against 
the disease. For example, according to Besredka skin is the only 
susceptible tissue to anthrax and if that is rendered immune by 
active artificial means effective protection of the body against 
anthrax can be ensured. If the bacilli were to gam entry through 
‘ any other route, they will be rapidly destroyed by phagocytes. 
Similarly, for intestinal pathogens intestinal mucosa is the 
vulnerable tissue and active immunisation of the latter should 
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.be the rational mode of safeguarding against infection by the 
former. There is no doubt that a certain amount of immunity 
is produced by this method. But there is no proof that it is due 
only to a local stimulation in Besredka’s sense and not to a 
general stimulation caused by the antigen absorbed from the 
site of application. The treatment of various skin conditions 
due to staphylococci and streptoco«:i by antivirus (sterile culture 
filtrates of these organisms) and the prophylaxis of intestinal 
infections by the use of bilivaccines nre meant to induce local 
resistance. Besrcdka*s views have failed- to achieve general 
acceptance. 

Passive Immunity. In this type of immunity protection is 
imparted from outside and the tissues of the protected animal do 
not participate in its production. Hence the term passive immunity. 
Behring and Kitasato were the pioneers in the field of artificial 
passive immunity. They found that after injection of rabbits 
with tetanus toxin or diphtheria toxin certain substances possess- 
ing the power of neutralising the toxin were present in the 
blood of the animal. Such substances they called antitoxins. 
Further, they showed that the serum of an actively immunis’ed 
animal possessed specific protective and curative powers. These 
facts arc now well established. The sera of animals, actively 
immunised with bacteria or their toxins are known as immune 
sera or antisera; these owe their clTcct to the specific immune 
bodies or antibodies present in them.- The administration of 
such sera confers temporary immunity to the recipient. Obviously, 
in this type of immunity the tissues of the host play only 
a passive role; the body is merely the recipient of antibodies 
produced by some other host. Passive immunity is often 
inherited by the progeny, the immune substances passing ,by the 
transplacental route or after birth through mother’s milk. 
Immunity so derived is of short duration and the infant is 
protected at the most for six months to a year. 

In active immunisation a certain time interval is necessa^ 
for the elaboration of protective substances by the cells of the 
host. This method is, therefore, not available for the clinician 
in a declared acute disease where the question of time is an 
important consideration. The value of artificial active immumty 
lies more in prophylaxis than in treatment. .The protection 
created by active immunisation is also of much longer duration 
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than that by passive immunisation. On the other hand, in 
passive immunisation there is a readily available method of con* 
ferring immediate protection. But Us effect is shortlived. The 
maximum concentration of immune scrum in the blood of the 
recipient, when administered by the subcutaneous or iotramus* 
cular route, is attained in two to three days after injection. 
This becomes less and less and the serum disappears altogether 
from circulation within three weeks; the globulins of horse serum 
tend to be eliminated from circulation as a foreign body. 

Immune sera arc classified a* antitoxic sera and antibacterial 
sera. The former is obtained from animals actively immunised 
with toxins and the protective substances contained in them arc 
called antitoxins. The diphtheria antitoxin and tetanus antitoxin 
arc well known examples of this type of antisera. Antibacterial 
sera are prepared from animals by immunising them with 
bacteria; the antibodies so generated arc directed against the 
homologous bacterial cell, antibacterial antibodies. Examples of 
this type of antisera are the antiplaguc serum, antimeningltic 
serum and antityphoid serum. Antitoxic sera exert a far greater 
beneficial effect than antibacterial sera and have, therefore 
obtained much wider application in prophylaxis as well as fn 
treatment. Although of limited value, antibacterial sera are also 
employed propbylactically, as for example, administration of 
antiplague serum to the antiplaguc staff. They are also used for 
curative purposes, as in the case of meningitis and lobar 
pneumonia due to Type 1 pneumococcus. Antibacterial immunity 
may be induced also by the administration of convalescent serum 
obtained from persons recovered from the particular disease. 
Being homologous, it may remain longer in circulation than horse 
serum, thus prolonging the duration of immunity. 

The capacity to produce antibodies under certain conditions 
is a general biological attribute of living animal tissues. Simi* 
larly, the capacity to incite the production of antibodies is not 
confined to bacteria and their toxins. Non-bacterial chemical 
poisons, such as ricin and abrin of plant origin, were shown by 
Ehrlich to be capable of provoking 'antibody production. 
Numerous other workers have demonstrated the same capacity 
in the case of foreign cells, e.g. red blood corpuscles and 
spermatozoa (cylolysins); scrum proteins; milk; egg albumin; 
organic poisons, like snake 'venom and scorpion poison. The 
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development of antibodies has been noted in certain metazoan 
infections. But it is not known whether they have any protective 
or curative function, ; • - 

. ) Mechanism ol Resistance. Apart from the phagocytic activity, 
the essential mechanism whereby immunity. is'cstablishcd by the 
host against bacterial infection is by the production .of anti* 
bodies. These are present in the blood and other body fluids. 
Gross changes in the chemical makc*up of the body fluids of the 
immunised individuals are, not discoverable, Their presence can, 
however, be demonstrated bo|h by the in vitro and in vivo 
reactions. It has to be noted that .in the protective process 
certain natural substances found in the blood, such as comple* 
ment and opsonins, act in conjunction with the antibodies. The 
nature of the antibodies differs very materially according as the 
invading organism produces exotoxin or only -endotoxin. In the 
former case antitoxic antibody, which acts by ncutralisiog the 
specific toxin, 1$ produced in the body. It should be noted that 
in .infection by an organism which produces extracellular toxin, 
the mechanism of resistance does not solely consist of ^ 
^^rmation of neutralising antitoxin which is powerless against 
the bacterial cell; antibacterial antibodies and phagocytes also 
take part by destroying the invading bacterium. Where infection 
is due to organisms which produce no demonstrable exotoxin, 
resistance is probably due to the production of antibacterial 
antibodies which, acting on the invading bacterium in a variety 
of .ways, help to destroy them. As a matter of fact,, the final 
eradication of all invading organisms is essentially a function of 
antibacterial immunity. The development of hyperserjdtiveness 
as the result of bacterial invasion is believed to be yet another 
factor towards immunity production. , : 

i ^'Thus, the chief factors concerned in 'the mechanism of 
resistance against infection arc the tissue cells, which are con- 
cerned with the destruction of bacteria by phagocytosis, and the 
antibodies, or immune bodies, contained in the blood and .body 
fluids, which form the chemical.. antidote 'against the bacterial 
parasite and its toxin.^ It must be clearly understood that these 
are not mutually exclusive but closely interrelated. In the early 
days of immunology, two different ' schools of thought existc 
regarding the question of the mechanism of immunity. Following 
tfae, teaching of Metchnikoff, one school considered phagocytosis 
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Early studies on Forssman antigen Jed to the belief that lipoids 
might function as haptens. ^Subsequent investigations have 
revealed that Forssman antigen itself is a complex Ijpopoly- 
sacchafid(\^ This discovery has throsvn considerable doubt uhether 
lipoid by itself can play the role of a partial antigen or decide 
the immunological specificity of antigenic proteins. The •view 
has even been expressed that specificity in all cases is determined 
by a carbohydrate-protein linkage, irrespective of the presence 
or otbcnvisc of iipoidal substances. Whether the lipoid m the 
Forssman complex has any share in determining the specificity 
is a question that can only be decided by further study. '-The 
lipoid-carbohydrate combination in the hapten is peculiar to the 
heierophile antigen of higher animals ;-^so far as our knowledge 
goes, lipoida! substances do not occur in the heierophile antigen 
of bacteria. 

Numerous investigations have been made to discover whether 
any non-protein substance, ocher than proieio-hnked carbohydrates 
and lipoids, can act as true antigens. There are several difS* 
cullies in the way of the experimental worker. Substances for 
study should be obtained in an absolutely protein-free state and 
it is well known that even traces of protein may be sufficient to 
elicit antigenic response. Again, when such a purified substance 
is injected into the experimental animal, there is no certainty 
that it will not combine with some protein of that animal, 
leading to the formation of an antigen complex and so ultimately 
to a false result. Evidence so far as it goes tends to show that 
such a possibility cannot altogether be ruled out. The results 
of all attempts so far made to solve the above point are incon- 
clusive and for the present we may lake it that non-protein 
substances are not generally antigenic. 

Heterophile or Hetferogcnctic Antigens (I'orssman Antigens). 
An emulsion of guinea-pig's organs when injected into rabbits 
incites the production of a lytic factor against sheep corpuscles. 
Extract of the organ with alcohol gives a Iipoidal complex con* 
taining probably a polysacdiaridc moiety also. This hpoidal 
substance will react in vitro with the haemolytic antibody, but 
is unable to induce the same antibody production when injected 
alone into the rabbit. When the macerated tissue after extrac- 
tion is injected no haemolysin is formed. On recombining the 
macerated tissue with the extract and injecting into rabbits after 
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allowing the mixture to stand for »?me time, the same haemolysin 
is generated. -It is, therefore, manifest that the guinea*pig organs 
contain a complete antigen in which a protein fraction is linked 
with a lipoid-carbohydrate complex which behaves as a hapten. 
Because this complex antigen docs not follow the spccics-spedfic 
rule of ordinary antigens, it is called hcierophik antigen or 
FoTSsman antigen after the first discoverer. 

Hcterophile antigens arc extraordinarily heat stable, with- 
standing the boiling temperature for several hours. Likewise, 
they withstand treatment with alcohol or ether for many days 
vrilb no evidence of deterioration- The antibodies produced 
against them are called hcterophile antibodies. In general, 
hcterophile antibodies can be produced only in such animals as 
do not have the hcterophile antigen in their organs or blood. 
The hcterophile lysins are dilTcrent from the species-specific 
haemolysins. It must be evident from the above that sheep cells 
should contain the hcterophile antigen besides the specics-spMific 
antigen If whole sheep ceils are inoculated into the rabbit, both 
tvpes of haemolysins arc formed. But if the cells are injected aher 
boiling, only the hetrophile lysin is formed. It may be mentioned 
that certain of the natural antibodies are of the Forssman i^pCj 
c g the haemolysm for sheep’s erythrocytes found in nonoal 


^^^^Heterophilc antigens arc widely distributed among animals 
in a random fashion. Tlicy arc found in the organs and tissues 
of the gmnea-piB, horse, dog, cat. mouse, fowl, torto.se, severa^ 
species of fish and in a few baetena, such as 
naratVDhoid and dysentery bacilli and pneumococi. The ciythr 
?ytes of sheep, but not its organs, contain hcterophile antigen - 
These Lfab!;nt from the organs of man, rabbits, catl e pig^ 
rat and a number of other animals. It is interesting 
that a Forssman antigen is present in the red cells of ro 
A and AB and it is closely related antigemcally with the Gro p 
^substance which is a polysaccharide. About the gm 
antigens found in man’s erythrocytes reference will be made 

“ Anrisenie"'stmeture, The antigenie structure of the baclemi 
hodv is highly complex and bears a dose relation to 
Several kinds of antigens are found constituting j; 

body (antigenic mosaic). Although they are all pro p 
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in nature, they display qualitative diiTerences, conditioned by 
their chemical mahe-up. In other words, the chemical structure 
of any organism, as that of all forms of life, is never simple. In 
revealing this complex structure of bacteria, no method is so 
delicate or sensitive as the immunological method. But primarily 
these antigens are In a great many cases isolated by biochemical 
methods. In all such methods their solubility or otherwise in 
solvents like alcohol, trichloracetic acid, glycols and others forms 
the mainstay in the technique of isolation. There is no* clear 
indication as to the exact position in' the cell of these different 
antigens, except that they arc found 'in some cases superficial, 
as for instance, the capsular antigen, the labile antigens or the 
smooth somatic antigen of the Salmonellas. The conception that 
they arc found in layers on the bacterial body is not supported 
by any conclusive proof. 

As noted above, the same bacterial species may contain 
multiple antigens; for example, the typhoid or the Flexner 
bacillus contains more than one complete antigenic component. 
Antigens may be those residing in the body, the somatic type, 
or those residing in the appendages, the flageUar or capsular 
type. Each of these types may be constituted of more than one 
kind of antigen. In most bacterial species the antigen situated 
outermost on the body is a smooth antigen, the smooth somatic 
antigen, which is also the virulent antigen of the ccll^ Superficial 
to the smooth somatic antigen is found in a few cases another 
somatic antigen called the labile antigeny'The flagellar antigen, 
also called the H antigen, of a motile organism is immunologlcally 
distinct from its somatic or O antigen. Again, in a capsulated 
organism, the antigenic nature of its capsule is different from that 
of the body substance. Under certain conditions, the somatic 
antigen may undergo variation, the new antigen thus revealed 
displaying characteristics quite different from those of the original 
type (Chapter XIV). Closely related species of bacteria may possess 
certain antigenic components in common; that is, they share an 
identical antigen or antigenic fraction. These are referred to as 
group antigens This explains the group reactions between such 
bacteria. As mentioned above, widely different groups of orga- 
nism also may share identical antigenic components, e.g. Rickettsia 
and Proteus, which account for the cross reactions observed 
among them. Some people, however, believe that suep cross 
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reactions are due not to a sharing of antigens but to the occurrence 
of similar determinant groups.- 

Antibodies.rj Antibpdies are protective substances formed by 
the tissuer of the host in response to the action of antigens and 
reacting specifically with them.| They appear in the blood in the 
maximum concentration. When brought into contact with the 
poisonous antigens which incite their production, they combine 
with them,' not only in vivo but also in vitro, and in a general 
way tend to counteract their toxic effect. 

The serum which contains antibodies is called immune serum 
or antiserum. The presence of antibodies in it is demonstrable 
in vitro by the reactions they give rise to when the immune serum 
is mixed with the homologous antigen. The antibody that is 
produced against an extracellular toxin is called antitoxic antibody. 
This type of antibody, as instanced by the diphtheria or tetanus 
antitorin, combines specifically with the toxin'and neutralises it. 
The antibodies induced by the action of endotoxins are called 
antiendotoxic or antibacterial antibodies. They react with th® 
respective antigens in a variety of ways and their terminology 
is descriptive of the type of reactibn they cause as the result o 
combination. Thus, the lysins cause the dissolution of bactenal 
or other cells ; the bacteriolysin causes the lysis of bacterial c® s 
and the haemolysin the lysis of red blood cells. The term bacteno 
cidin is sometimes used when there is simple killing of 
without lysis ; there is no separate antibody mvolved in it; » > 
but one of the properties of lysin. The bacteridtr^t^^* “ ® 
natural opsonin, sensitises bacterial cells preparatory to p 38° 
cytosis. The agglutinin brings about the .° 

bacteria, when motile, and clumping or ag^utinationj s® 
them out of suspension. The precipitin aggregates the mo ec 
of soluble antigens and causes the formation of a preapi 
Sometimes the term complement-fixing antibody is app i® 
indicate an antibody which interacts with the antigen in , 
tion with complement or alexin, a natural non-specj c an i 
like substance found in the blood; but the former does no 
to be distinct from precipitin. The term neutralising 
is often applied in a special way to certain f 

fonned i^vM infections: but it should b= --nders tood that 

term can be used to any antibody that will neutra i „„iihoil 
oHn infectious agent. Similatly, the term sensmsm? ambodf 
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Is often employed to denote the substance concerned in hyper- 
sensitive phenomena. As distinct from the immune antibodies, 
are the normal or natnra! antibodies not infrequently found in the 
scrum of apparently uninfected or untreated man and animals; 
they display similar effects as those of the former. ^ 

Site of Antibody Formation. There is no definite knowledge 
regarding the exact site of antibody formation. It may be the 
same tissues or organs where scrum proteins, especially globulins, 
are formed. The implication of Ehrlich’s hypothesis seems to be 
that every cell in the body as a living unit is probably a potential 
antibody factory; while this is at present no more than specula- 
tion, there is ample evidence to show that certain tissues arc pri- 
marily responsible for the synthesis of antibodies. Experimental 
evidence tends to show that the fcticulo-cndoihclial system is 
one such tissue that plays a prominent part in the formation of 
antibodies. This system, as is well known, is also concerned with 
the clearing of foreiga bodies and effete cells from the blood 
stream. Hence, it is not unreasonable to assume that it takes^ 
up the antigen and during (he process of disposal manufacturesi 
antibodies, being specifically stimulated by the former. Though 
widely distributed in the body, this system is concentrated in 
certain particular organs, espeaally the spleen, liver, bone marrow 
and lymph glands. The wandering macrophages of the tissues^ 
and the blood also belong to this system. There is reason to bcliew - 
that the lymphoid tissue, in general, may also be concerned in . 
antibody production. 

^erever produced, antibodies are distributed, throughout-i 
the body. The concentration in the blood is the highest. They 1 
are found in the lymph and roost of the body fluids; the c^rebro- ) 
spinal fluid is an exception. 

Factors Influencing Antibody Prodnetion. The response t'd^ ^ 
antibody production is influenced by numerous factors. The 
conditions governing it in spontaneous infections are^ecessarily 
complex and by no means clear. Wide variations im individual * 
responses are observed. For example, all typhoid patients do 
not show the same agglutinin tdriain their blood on the same day 
of disease. Again, considerabIy*9ebilitated tissues arfeunable to 
respond to any antigenic stimulus. Such factors as (henature of 
antigen, the dose, number and route of injection and the animal 
employed are all of importance in artificial immunisation. All 
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animals do not react equally well; rabbits arc more efficient in 
this respect than guinea-pigs. 

The injection of an antigen is followed by no detectable change 
for some days ; too large a dose will cause a marked deterioration 
of the. defence powers of the body and bring about a marked 
decrease in the concentration of any specific antibodies that might 
have existed before. Then the titre steadily rises to a high level. 
This lag period is called the negative phase. It is important iii 
that its duration affords an indication regarding the spacing and 
dosage of injections. After reaching a maximum level, the tiire 
falls, rapidly at first, then slowly and after a time antibodies dis- 
appear altogether from the blood. Such an individual shows an 
immunological state different from that of the normal. He re- 
tains a basal immunity as manifested by a ready and marked res- 
ponse to a subsequent injection of the same antigen. In a person 
from whom the circulating antibodies have thus disappeared, _ 
they may reappear^^ough in a low titre, under the stimulus of a 
different antigen introduced on a subsequent occasion. It is a 
, rmn-specj fi*'^ ^|inntintinn ; feut wc mus t remember that antigen s 
are shared by several microbial speries and ii is not witnom the 
possibility of being a specific onft For example, a person who 
is immunised against Baer, typhosum shows at a future date an 
increase of the antityphoid agglutinins, or their reappearance 
after complete disappearance, in his blood in consequence of some 
other infection, say f^or example influenza. This kind of reaction 
is called anamnestic reaction (anamnesis = recollection). B 
important to bear in mind that in the case of flagellated bacteria 
this kind of non-specific stimulus does not afl*ect the somatic 
agglutinins; it is the flagellar agglutinin that may be so incited. 

It may be noted that the defence mechanism of the body is 
subject to stimulation by any antigenic substance; a genwa* 
mobilisation of its resources, in addition to the specific, fo ows 
such stimulation. This forms the basis of non-specific protein 
therapy; the injection of sterile milk or T.A.B. vaccine, o 
example, heightens the general resistance of the body to 
Vaccines may owe part of their value to non-specific e • 
Hence, we should be cautious in the interpretation of the resui 
of vaccine therapy. ^ ^ 

The tissues responsible for the production of an 
display a characteristic difference in their behaviour (owar s 
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first injection and the following ones. A second injection leads 
to a more rapid and much more copious production of anti- 
bodies than the primary injection. This is also important 
in determining the number of doses to be given for cflicient 
immunisation. Tliat is why in prophylactic vaccination against 
enteric fever, cholera and others two doses are preferred to 
one. The first dose sensitises and primes up the tissues so 
that response to a subscQucnt dose is immediate and more 
energetic. In the latter no negative phase, or preparation 
period, is needed. It may also explain how second attacks are 
warded off or rendered mild. ('Hence, not only in the presence 
of antibodies, but also in the capacity to generate them spon- 
taneously and abundantly, docs an immunised person difier 
from a normal one.) 

A simultaneous injection of a number of antigens results in 
the production of antibodies for alt, but the titre of the individual 
antibodies may vary considerably. Typhoid vaccine, for example, 
usually contains the typhoid, paratyphoid A and paratyphoid B 
bacilli (T.A.B.). Protection against all these is simultaneously 
developed by its injection. 

Nature of Anti^dies. Not much is known regarding the 
exact chemical nature of antibodies. Their chemistry is inti- 
mately bound up with the chemistry of serum proteins. Anti- 
bodies are believed to be protein m nature. Two views have 
been expressed regarding their relation with the serum proteins; 
one is that they are modified serum globulins and the other that 
they are new substances but closely associated with the serum 
globulins. Although there is no conclusive proof to show that 
they are serum globulins which have undergone some specific 
change under the impact of antigenic stimulus, that is the view 
DOW held by many immunologists (see below). Several attempts 
have been made to demonstrate a quantitative increase of the 
serum globulins in the immunised subjects, but the results are 
conflicting. Equally unproved is the assumption that antibodies 
are independent entities. But there is ample evidence to show 
that they are intimately associated with the serum globulins. The 
association of different types of antibodies with p.irticular globulin 
fractions lacks regularity, some appearing with pseudoglobulins, 
some with cuglobuUns and others with both, depending uponihe 
animal immunised and the nature of, the antigen. However, 
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their association with globulin provides means for the conccntra* 
tion and purification of therapeutic sera. 

Methods usually employed for precipitating the scrum 
globulins are salting out with ammonium or potassium sulphate, 
treating with alcohol at various temperatures or dialysis, Isola; 
tion may also be effected by enzymic action. By peptic digestion 
of serum under certain temperature (37° C.) and pH (4*2) condi- 
tions, the inert albumin can be almost completely removed, 
leaving the antibody globulin almost intact. After separation df 
the globulin, concentration is but a simple "step, - 

The separation of antibody globulins from other globulins 
can be effected by taking advantage of their specific combination 
with the corresponding antigens; the resulting antigen-antibody 
complex is then separated into its constituents by dissociation or 
selective digestion with trypsin. Cellular antigens are not suitable 
for this purpose, as they adsorb only a very thin layer of antibodies. 
But relatively large amounts of antibody are precipitated by 
soluble antigens, like proteins and the ^polysaccharide haptens; 
the latter as they do not contain nitrogen, are particularly suitable 
for this purpose. By employing the above methods, a dipblheda 
antitoxin of high purity has been prepared: so also antibodies 
of certain pneumococcal types. Such purified antibodies,^ in 
their elementary composition and general physical and chemical 
properties, are hardly distinguishable from globulin. 

There is another way in which the specific isolation of anti- 
bodies has been accomplished. When natural proteins are used 
as antigens, the antigen-antibody complex is a mixture of two 
proteins which 'arc very difficult to separate. This difficu ty 
has been overcome by employing antigens which are readuy 
identifiable chemically, like haemoglobin, coloured azoproteins 
and proteins containing tracer elements, like iodine, phosphorus 
and others. The antibodies arc colourless and so their araouat 
in the precipitate can be estimated without difficulty by chemica 
analysis. 

Estimation of the relative proportion of the ingredients fi s 
shown that the bulk of the precipitates is composed of antibodies. 

In composition, general characters, molecular weight, * 
phoretic behaviour and other physicochemical properties, 
modified globulin reveals no material difference from the J 
serum globulins, except that the forin®? displays relatively 
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resistance to the action of proteolytic enzymes. Thus, all 
attempts to separate antibodies from globulins and to obtain 
them in a protein*free state have so far ended only in fajlure . 
But from these negative results the old belief that antibodies 
are modified serum globulins gains greater .confi rmation. The 
final proof for or against this belief, however, has yet to be 
sought for. 

By the electrophoretic method the scrum proteins can be 
fractionated with great accuracy. Following- this procedure it 
has been possible to make out three components in the serum 
globulins; they have been named a, y globulins in the order 
of decreasing migration speed m the electric field. Antibody 
appears to be mainly associated with the least mobile y-globulin 
and less with the ^-globulin; the a^fraction i$ inactive. 

A quantitative increase of the serum globulin, especially the 
y-globulins, in the immunised animal has been reported. In 
general, this increase seems to occur at the expense of albumin, 
but in some cases it is due to a general innease of serum 
proteins, which may be up to 15 per cent., with no reduction in 
albumin. Only less than half of the new globulin displays 
antibody activity, the rest being serologically inert. Another 
interesting feature of the antibody globulin is the variability in 
size of the molecule; this seems to depend, m part at least, upon 
the animal species immunised. The immune globulin produced 
in the horse, cow or pig against Type III pneumococcus, for 
example, has a molecular weight (910,000-930,000) over four 
times (hat of the corresponding globulin of the rabbit, man or 
monkey with molecular weight of 156,000-196,000. This peculi- 
arity is not a feature of all immune globulins; the horse 
globulins against the diphtheria, tetanus and welchii toxins are 
of the smaller type. 

Unity and Diiersity of Antibodies. A variety of specific 
reactions have been mentioned above, such as lysis, precipitation, 
agglutination, opsonic action and others. Naturally the question 
arises whether there is a separate and distinct antibody respon- 
sible for each reaction. That is what the early observers believed. 
They regarded that a variety of anitbodics were produced against 
a single antigen and that the vanous immunological reactions 
were fundamentally different from one another. With increasing 
understanding of the nature of these reactions* however, the idea 
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began to dawn that the various manifestations of antibody reaction 
might be due to a single antibody acting in different ways 
conditioned by the nature of the antigen and the circumstances 
of action; Thus, even in the early days, the essential similarity 
between the precipitation and agglutination reactions had been 
suggested attributing the apparent difference between them to 
the difference in the physical state of the antigen. 

' The Unitarian hypothesis postulates that there is only one 
antibody formed *against a particular antigen. The antibody 
combines with the corresponding antigen. By this union the 
antibody sensitises the antigen and, in so doing, changes its physical 
and chemical state in such a way that it becomes equally 
susceptible to any of the actions — lytic, opsonic, agglutinating, 
precipitating or complement-fixing. What particular action is to 
follow sensitisation is determined by the physical state of the 
antigen, whether cellular or particulate, and also by the parti- 
cular circumstances in which the union of antigen and antibody 
takes place, such as the presence or absence of compIcfflMt, 
leucocytes and so on. That is to say, these differences in reactions 
are not due to any differences in the nature of the antibody but 


to the differences in the circumstances of reaction. 

The Unitarian conception does not imply that > a complex 
antigenic source consisting of multiple antigens produces only 
one antibody. For example, a bacterial cell, like the typhoid 
bacillus, is such a composite antigenic entity, each component 
of which is capable of independent antibody stimulation. Consh* 
tent with this knowledge the Unitarian school recognises that in 
response to the introduction of such a complex antigen into th® 
tissues, separate antibodies will he produced against each of tb® 
antigens constituting the complex source, though these multiple 
antibodies may have different titres. But this does not weaken 
the Unitarian hypothesis which only lays down that each antigen 


produces only one antibody. 

Proof for the Unitarian hypothesis has been sought 
a variety of ways and a large body of experimental evidence ces 
been brought forward in support of it; for instance, 
occurrence of agglutination of erythrocytes with a specific serum 
when complement is absent and of haemolysis when it ' 

agglutination or phagocytosis of antigen-coated collodion 
by precipitating sera^ fixation of complement by the preapiw 
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after precipitation reaction is over and others. These observa- 
(loos tend to conGmi the essential unity of serological reactions 
and the present trend, is, therefore, towards an acceptance of 
this theory. 

Mechanism of Antibody Formation. Our knowledge about the 
exact mode of formation of antibodies is very meagre. An early 
suggestion was that the antigen itself was in some way transformed 
in the tissues into antibodies. But the evidence against it is so 
overwhelming that it need not now be seriously considered. 
Another interesting and compivhensive attempt to explain the 
origin of antibodies and the mechanism of serological phenomena 
was the side chain theory formulated by Ehrlich. It was highly 
speculative and its main value lay in the fact that it gave 
a tremendous impetus to the study of immunological problems 
in general. 

The ceil according to Ehriltch consists chiefly of a central 
chemical nucleus deriving its nutriment from the blood or lymph, 
in which it is bathed, through the agency of certain atom groups 
called receptors or side chains located on ns surface.. The 
receptors are conceived to have the saine relation to the cell 
nucleus that the side chains of complex molecules bear to the 
central nucleus of the molecule. From this is derived the name 
side chain theory. The side chains may be simple in structure 
adapted to fix simple food molecules or more complex and able 
to take up highly complex protein molecules Each cell has on 
it innumerable receptors of different structure and capacity. They 



toxins, foreign cells or other substances, are introduced into the 
body, the side chains display the same activity towards them as 
for food particles. Antigen, in J hetrinrn.jan-exert-thar-acti’'^ 

foreign substances, the antigens, the side chains are diverted 
from their normal function of assimilation and may be damaged 
or destroyed. If the resulting damage to the cell is not consider* 
able, active repair takes place. This injury, provides a powerful 
stimiflus for the production of new receptors pf the. same type 
as those thrown out of gear and destroyed. Overproduction 
fol}o>$'s in accordance with the usual physiological habit. Due 
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(alexin) which is also regarded as possessing a combining and a 
determinant group. The former of the two is called the cj7o- 
p/u7c ^rojiji and the latter the complemeniop hUe proup. As there 
arc two receptor mechanisms of the haptophorc type in this order, 
the term amboceptor is applied to it. The cylophile group 
sensitises the cell and prepares it for the action of the complement 
that is likewise fixed. All antibodies, that require the inter* 
vcntlon of complement for their action, belong to the third order. 

Thus, according to Ehrlich antibodies arc free receptors 
broken off from the parent cell and released into circulation. 
They combine with the antigen in one way or other, as indicated 
above, and give rise to the various immunological reactions. 
Although many of his postulates have been confirmed by recent 
investigations, there arc others which arc irreconcilable with 
observed facts. His premises themselves are uncertain and 
require proof. For Instance, the structure of the cell as con* 
ccived by him is untenable in the light of modern knowledge and 
proof is lacking that antibody production is analogous to the 
process of assimilation. It will be noted that in spite of the 
enormous work done subsequent to Ehrlich’s hypothesis, the 
mechanism of antibody production still remains iaegely ansoU-ed. 
Mostly on circumstantial CMdence. we assume that antibodies 
are synthesised in some manner by the tissues under the stimulus 
of antigen. If the view that antibodies are modified serum 
globulins is accepted, then the mechanism of globulin production 
and its modification is also the mechanism of antibody formation. 

Regarding how the serum proteins arc produced our inforraa* 
lion is scanty; nor do we know the exact cell groups which are 
responsible for their production. The large antigen molecules 
have on their surfaces a number of atom groups which are 
characterised by certain configuration, spacing and electrical 
force. When we say that an antigen stimulates the production 
of antibodies, what we octuatty mean, if w e acce pt the modern 
view regarding the nature of antibodies, is that the antigen) 
interferes with the normal processor globulin synthesis, leading! 
to the formation of abnormal globulins. No differences in 
physical and chemical properties, it may be stated, have been 
established between the abnormal and normal globulins. Dunng 
production the globulins are made to adapt themselves to the 
determinant groups of the antigen molecules so that the finished 
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globulin molecules will have their pattern complementary to that 
on the antigen molecules. Clearly then, the nature of the 
surface pattern of any antibody globulin will depend upon the 
surface pattern of the particular antigen employed in its produc- 
tion and the globulin adapted to one antigen will be a misfit for 
another antigen. How exactly this adaptation takes place is now 
a matter of speculation. It has been suggested that the synthesis 
of immune globulins takes place in the presence of antigen 
within the synthesising cell. The antigen present provides the 
pattern on which the normal globulin molecules arc moulded 
with the result that the structure of the finished product, the 
modified or immune globulin,- is complementary to the antigenic, 
surface. Dissociation of the newly formed antibody gldbulin 
from the antigen molecule then takes place, freeing the latter, 
and the process is repeated with the same antigen molecule as 
the pattern. 

The structural adaptation of the antibody to the polar groups 
of the antigen molecule may not be thorough and the new 
globulin molecules may not show uniformity in the degree of 
adaptation. A monospecific serum, i.e. a serum prepared against 
a single antigen, may contain both perfectly and imperfectly 
adjusted antibody molecules. A perfectly adjusted antibody wU 
form a firm union, whereas an imperfectly adjusted one will form 
a loose union which is easily reversible. In. the latter case no 
visible precipitation will follow the specific union. It should be 
remembered that the whole hypothesis rests on the belief that 
antibodies are modified globulins, a proposition that still awaits 
final proof. 

Valency of Antigen and Antibody. Of late, evidence has 
been accumulating to show that both antigen and antibody an 
heterogeneous with respect to their reaction capacity. That n 
to say, the molecules of any antigen or antibody do not have tht 
same uniform reactive avidity; some are actively reacting, whs 
others are feebly reacting. Mention has already been made tte 
the present conception of antigen-antibody reaction is that t c 
first stage of the reaction, i.e. specific union, takes place in 
virtue of certain active groupings present on the constituen 
molecules of the antigen and antibody. It has been suggcs c 
that the observed fact of heterogeneity may be ascribe o 
a difference in the number of such active groupings on indivi ua 
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molecules. Such reactive groupings aro sometimes spoken of as 
valencies. They are not simple atomic valencies as in chemistry 
but represent atom groups with a definite spatial arrangement 
on the molecular surface and endowed with electrical force which 
may vary in intensity. 

TTiere is sufEcient evidence to show that antigens are multi- 
valent. That is to say, they possess a number of combining 
complexes on their molecular surfaces. Analysis of the specific 
precipitate makes it possible to estimate the valencies of 
antigens. This, of course, gives only the minimum values, for, 
when there is overcrowding, it Is not possible to determine all 
the valencies because of spatial considerations. The number of 
valencies varies with each antigen; it is also conditioned on the 
extent of the molecular surface. The ovalbumin molecule, for 
instance, with a molecular v^eight of about 42,000, shows a 
functional valency of about 5, whereas the tbyroglobuUn mole- 
cule, with a molecular weight of 650.000, shows 30-40. Artificial 
antigens may show much higher valencies. 

Many workers now believe that antibodies are divalent. 
This conception offers a simple explanation for some of the 
discrepancies in the behaviour of antibodies. Even a monospecific 
serum displays lack of bomogeaeity in its reactive capadty as 
an antibody, some of the molecules combining with the antigen 
with great avidity and others with feeble avidity. This variability 
has been explained on the basis of a difTcrence in the valencies 
of the molecules of antibody globulin, the least active molecule 
being monovalent and the more active ones divalent. On the 
basis of this conception, it is not difficult to conceiv^faat when 
specific union, or the first stage, takes place but without proceed- 
ing to the second stage, the reacting antibody is monovalent; 
conversely, when the antibody molecule has more than one valency, 
the reaction will proceed to completion. It is also possible that 
loose union and suppression of fioccuUUoo in a precipitating 
system may be due to imperfectly adapted polar groups (see above). 

Nature of Serum Reactions. As seen above, Ehrlich’s side 
chain theory also seeks to explain the mechanism of antigen- 
antibody reactions. According to him the shed cell receptors, 
which constitute antibodies, are chemical entities; they combine 
with antigens and neutralise their effect in a variety of ways; 
this neutralisation is similar in character to that of a strong 
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acid by a strong base. In other words, the union of antigen and 
antibody is a ilrjn one and takes place in constant proportions. 
Some of these conceptions arc untenable jn the light of many 
observed facts of serological reactions, particularly of toxin- 
antitoxin reaction. In certain circumstances dissociation of the 
antigen-antibody complex is possible, which militates against the 
firm union hypothesis: similarly with the constant proportioa 
concept as shown by the observations of Danysz, and other pheno- 
mena. But it should be noted that the chemical specificity of 
antigen-antibody reactions, an outstanding contribution to the 
study of the mechanism of these reactions, is a main point in 
Ehrlich’s side chain theory. 

Bordet refuted Ehrlich’s theory of chemical union. He 
regarded the antigen-antibody reaction as more physical in nature 
‘than chemical and sought to explain most of the phenomena 
connected with the scrum reactions on the basis of adsorption, 
thus placing them in the category of colloidal reactions. The 
antigen and antibody solutions display in many respects chara- 
cters of colloidal systems. During their union the antibody mole- 
cules are regarded as being adsorbed on the surface of the 
antigen molecules in a thin film. By this process the antigen, 
cellular or particulate, is sensitised when it is readily agglutinated 
by salt solution, thus explaining the precipitation and aggluti- 
nation phenomena. Sensitisation also endows the antigen with 
complement-fixing capacity which may or may not lead to lysis, 
conditioned by the nature of the antigen. According to this 
theory the quantitative relationship between the interacting 
antigen and antibody could be reconciled with the observed fact, 
namely that the interaction takes place in varying proportions 
instead of in constant proportions, as union between two 
colloids may take place in varying proportions. i Phenomena like 
that of Danysz thus found a satisfactory explanation. But he 
was not able to explain tfte principle of specificity on the basis 
of his theory. Why antibodies against V. cholera, for instance, 
are adsorbed only on cholera bacilli and not on dysentery or 
typhoid bacilli does not find an explanation in this theory. 

Arrhenius and Madsen, while agreeing with the chemical 
nature and specificity of the reactions as propounded by Ehrlich, 
however, differ from the latter in certain respects. They consider 
that the reaction does not resemble that between a strong base 
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and a strong acid but is analogous to the reversible action 
between weak bases and weak acids, in which the equilibrium of 
reaction depends on the concentration of the interacting sub- 
stances in accordance with the law of Mass Action. This theory 
also docs not fit in with all the observed facts. 

None of the above theories can alone explain satisfactorily 
all the phenomena involved in imrnunity reactions. The present 
conception of the mechanism of antigen-antibody reaction is a 
selective combination of the teachings from all these theories. Into 
the main teaching of the chemical specificity of Ehrlich, largely 
extended by the studies of l^ndsicincr and his colleagues, is 
incorporated the varying proportion concept of Bordet. It also 
accepts with modification the view advanced by Arrhenius and 
Madsen that the antigen-antibody complex may be dissociable. 

As mentioned before, the antigen and antibody molcculcs*^^ 
have a complementary surface structure. The determinant groups 
on their molecular surfaces arc electrically charged, each group 
being surrounded by a narrow field of force ‘The actual union 
of antigen and antibody molecules is due to this electrical force 
Of polar force. Bui an essential condition of the antigen-antibody 
union is the complementary nature of the molecular shape. For, 
Without this, close contact between molecules will be impossible 
for stencal reasons. The electrical force of each atomic group 
acts only within a very narrow radius: hence these forces cannot 
be cficclivc unless they come very close together. Since the 
shape of the antibody molecule is adapted spatially to the super- 
ficially placed polar groups of the antigen molecule, larger areas 
of each molecule are able to come close together with the result 
that a larger number of force points come into apposition and 
meet. Thus, the total attractive force becomes so strong as to 
bind together the molecules of the antigen and antibody. In so 
doing the small water molecules that hydrate the polar groups 
of the antigen molecules are probably pushed out by the speci- 
fically modified polar groups of the antibody molecules. This 
union of antigen and antibody molecules constitutes the first stage 
of all serological reactions. It is followed by various secondary 
phenomena which have been dealt with in another place. , 
Natural Antibodies. The normal sera of man and many 
animals frequently contain various kinds of antibdHics. »*%or 
example, the sera of cattle ate often seen to contain antiboSles 
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against the yellow fever virus and agglutinins for organisms suci: 
as the cholera, typhoid, dysentery and certain Salmonella bacilli; 
not infrequently again diphtheria antitoxin is found inthehuman 
and horse sera; similarly, agglutinins, indistinguishable from the 
immune agglutinins, are found in the human sera against the 
chloera, dysentery, enteric. Brucella and other organisms, for 
which no apparent cause can be traced. The litre of these 
natural antibodies is generally low. Their origin is obscure, but 
it is likely that they arise in more than one way. The well 
known transplacental source cannot account for it, for the 
maternal antibodies so transmitted tend to disappear within the 
first year of life. One view is that, in some cases at least, the 
natural antibodies are produced as the result of environmental 
stimuli; that is to say, repeated inapparent natural infections 
cause their production. Thus, it is highly probable that the so- 
called normal antitoxins of diphtheria and agglutinins against 
the typhoid, cholera and other organisms are really immune 
antibodies generated as the result of contact with the specific 
bacteria through subcltnical infection. However fonned, they 
may be taken as reinforcing the defence power of the body. 
Whenever such natural antibodies are present, the body is 
found to react more vigorously to specific stimuli, natural or 
artificial. 

The genesis of some of the natural antibodies, however, still 
remains a mystery. It cannot be explained on grounds of 
subclinical infection as in those instances, in which antibodies 
may be demonstrated, no probability of specific contact with the 
antigen can be established. An explanation has been offered on 
the basis of common antigens; according to this, individuals 
who show the presence of such antibodies must have come in 
contact with apparently unrelated bacteria, not necessarily patho- 
genic, which share immunologically the same antigen. Such 
random distribution of immunologically identical antigens has 
been demonstrated in many instances* Rickettsia and the 
X strains of Proteus', capsular antigen of Type II pneumococcus 
and Type B Friedlander’s bacillus, certain species of yeast, 
certain vegetable gums like gum acacia and some strains o 
Bact. coll and Bact. aerogenes; the plague bacillus and para- 
the polysaccharide of Type XIV pneumococcus and 
■the.«pecific Group A antigen of human blood. Possibly, therefore, 
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contact with such chemically, but not biologically, specific 
antigens may explain the origin of some of the natural antibodies. 

Certain types of antibodies, such as haemoagglutinins which 
determine the human blood groups, arc produced in the absence 
of antigenic stimulus. They are genetically developed and form 
part of the physiological mahe-up of the body. Again, a few of 
the natural antibodies arc of the heterophile type; such is the 
case with the natural haemolysin for sheep’s erythrocytes, that is 
found in the human and rabbit sera. In this connection, it is 
interesting to note that a hacmoagglutinin for sheep cells develops 
(Paul and Bunnell) in the blood of patients suffering from 
glandular fever. 

Antitoxic Immunity, Our present knowledge about antitoxic 
immunity is based on the work of Bthting and Kitasato (IR90). 
They found that repealed injection of rabbits and mice with 
sublethal doses of tetanus toxin protected them against this toxin. 
Moreover, the scrum of such on animal was found to be capable 
of conferring immunity on non-immunised animals. Further, 
such sera were found to be able to specifically neutralise tetanus 
toxin. From tliese observauons they came to the conclusion that 
the protecting or neutralising effect of the serum was due to the 
presence of a substance produced de novo by the tissues under 
the stimulus of the toxin and discharged into the blood. This 
substance they called antitoxin. Subsequent work showed that 
the range of antitoxin production in not confined to the tetatnus 
toxin but extended to all other extracellular toxins and also to 
certain plant and animal poisons, like ricin, abrin, snake venom 
and others. 

Immunity to extracellular toxins thus depends upon the 
presence in the circulating blood of antitoxins which possess the 
property of specifically uniting with and neutralising the toxin. 
The toxin on entry into the circulation is bound by the antitoxin 
and'rendered innocuous before reaching the susceptible tissues. But 
It IS not destroyed by the union. Neutralisation of toxin by 
antitoxin occurs also in vitro. The ability of the antitoxin to 
neutralise toxin is demonstrated by what is known as the 
neutralisation or protection test. Harmful results follow the 
inoculation of a suitable dose of toxin into a susceptible'animal, 
such as a guinea-pig or mouse, but when appropriate amounts 
of the toxin ^nd homologous antitoxin are mixed in vitro, 
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allowed to stand for a definite time interval and injected into the 
test animal, no injurious effect is produced, proving thereby that 
the antitoxin has neutralised the toxin. 

The union of antigen and antibody is a loose one, not causing 
the total destruction of either. By appropriate means the 
combination can be split up. The simple dilution of a neutral 
mixture of toxin and antitoxin, heating where the antitoxin is 
relatively less resistant to heat, treatment with hydrochloric acid 
and freezing in the presence of an antiseptic, like phenol or 
tricresol, may all cause greater or less dissociation. Certain 
factors, such as temperature, concentration of the interacting 
substances and others, influence the rate of reaction between 
toxin and antitoxin. Another influencing factor, apart from 
potency, is the avidity of the antitoxin for its toxin. This quality 
is a variable factor; for instance, the diphtheria antitoxin 
displays greater avidity for its toxin than the tetanus toxin has 
for its own. Avidity expresses itself by rapidity of flocculation; 
the more avid an antitoxic serum, the greater the readiness with 
which it flocculates on mixing with its toxin. Some workers consider 
that firmness of union between toxin and antitoxin is the more 
important content of the quality of avidity than promptness of 
action. Whatever that be, sera which possess this quality appear to 
afford better protection than slowly flocculating ones. On what 
exactly does this property depend is not clear; probably the type of 
the serum protein with which the antitoxin is associated is a deter- 
mining factor. Another important consideration to be taken 
note of in the quantitative determination of toxin and antitoxin 
is the presence, and also concentration, of toxoid with the toxin 
under test. When it is recalled that toxoid, though devoid of 
toxicity, still retains Us combining capacity, the importance of it 
in neutralisation experiments will become self-evident. And yet 
another factor that affects the union between toxin and antitoxin 
is the manner in which the mixing of the two is effected — Dduysz 
phenomenon. Clearly then, the neutralisation of a toxin by the 
corresponding antitoxin is by no means a simple process; quite 
apart from the factor of the relative quantities of the reagents, 
several physicochemical influences enter into the picture. 
^Danysz Phenomenon. Danysz observed that the amount ot 
toxin neutralised by its antitoxin varies according to the way m 
which 'the addition is made. A greater amount of toxin ts 
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neutralised if the toxin is added to the antitoxin all at once than 
when the rfamc quantity is added in several fractions at relatively 
long intervals. For example, ifx units of toxin are added at the 
same time to an equivalent amount of antitoxin, the mixture is 
non-toxic; if, on the other hand, the same amount of toxin 
is added in three or four fractions at intervals of say fifteen 
minutes between each addition, the mixture will be highly toxic, 
indicating that some of the toxin is left uncombined. The 
explanation of this elfect appears to be that the toxin is capable 
of unitmg with the antitoxin in multiple proportions. Thus, the 
earlie’’ fraction must be combining with more than its equivalent 
amount of antitoxin, leaving insufTicient free antitoxin to neutralise 
subsequent fractions. 

A feature of antitoxic immunity U that a relatively low 
concentration of antitoxin in the blood is sufTicieni for protection 
against natural infections. About 0 01 unit of antitoxin per 
cubic centimetre of blood would seem to be enough in diphtheria 
to render a person immune. In such a person ns quickly as toxin 
is liberated from a focus and absorbed into circulation, it Is 
taken up and neutralised by the antitoxin. At the same time, 
further immunisation of the tissues also progresses side by side. 
It is important that neutralisation of toxin should take place 
before it reaches the susceptible cells. Once the toxin has 
reached the cells, antitoxin is relatively InefTcctivc and very much 
larger amounts will have to be employed to produce any effect. 
For example, when once tetanus toxin has gained entry into the 
motor neurons and symptoms have set in, antitoxin has been 
found practically impotent to counteract the toxic effect. Hence 
the supreme need for administering antitoxic sera as early in the 
disease as possible. 

Antitoxins are actively formed by the tissues as the result 
of stimulation by toxins and are found in the maximum concen- 
tration in the blood. Active formation occurs in natural 
infections or as a result of inoculation with toxin or toxoid, as in 
diphtheria prophylaxis The latter method also finds application 
in the immunisation of animals for the production of prophylactic 
sera. By the removal of scrum from an immunised person or 
animal, the antibodies contained in it are not destroyed. Such 
an immune serum still retains its protective properties and the 
contained antibodies combine both in vivo and in vitro with the 
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corresponding toxin and neutralise it. It is, therefore, employed 
for conferring passive immunity. 

Preparation of Antitoxic Sera. Immune sera for therapeutic 
purposes are usually prepared from the horse. The blood of 
this animal frequently shows the presence of residual antibodies 
to many bacterial pathogens. Those infections for which sera 
are required either affect horses naturally or are capable of easy 
transfer to. them. Besides, horses give a large yield of blood. 
It is for these reasons that horses are chosen. Selection of 
animal for the purpose is important: age, colour, food, health, 
etc., matter a great deal. They have to be carefully looked after, 
housed in stables with adequate ventilation and properly excer- 
cised. For injection, toxoid and later untreated toxins are 
employed in graded doses at suitable intervals. The course of 
immunisation extends for long periods. Towards the end of it, 
test bleedings are conducted to find out the concentration of the 
antitoxic content. When It has reached a certain high value, 
the horse is bled by puncturing the jugular vein and the Wood 
is received into large sterile bottles. After separation from clot, 
the serum is removed to sterile containers and a 0*5 per cent, 
phenol or 0 *3 per cent, tricresol is added to it as a preservative. 
It is standardised and put in suitable quantities into ampoules 
which are labelled, packed and sent out for distribution. * 

Standardisation of Immune Sera. The purpose of standar- 
disation is to assess the protective value of the immune serum in 
order to regulate the dose. It is done by biological methods in 
which titration experiments are carried out in vivo by the 
employment of suitable animals. An arbitrary unit, one for each 
antitoxin, has been adopted for comparison. This unit, in the 
case of the diphtheria antitoxin, was originally defined by Ehrlich 
as the smallest amount of antitoxin^that will neutralise 100 M-L.D- 
of toxin. The minimum lethal dose, M.L.D., which was Ehrlich s 
unit of toxin, is the smallest amount which when inoculated sub- 
cutaneously into a standard test animal will kill it in a certain 
specified time. The test animal is the guinea-pig and the 
standard is 250 grams weight. As mentioned previously, toxin 
deteriorates progressively on keeping or under the influence of 
a variety of physical and chemical agencies and loses much of 
its toxicity while still retaining its capacity to combine with 
antitoxin. There is thus no regular correspondence ■ 
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toxicity and ’capacity for union, except probably with the very 
fresh toxin! Because of this instability, toxin cannot be preser\ed 
as a permanent standard. Hence, M.L.D. as a fundamental unit 
no more forms the basis of standardisation. Antitoxin is much 
more stable; when dried in vacuo and preserved at O'C, it 
keeps unimparied for a long time and so provides a stable standard 
of reference. Standards for all antitoxins prepared on -similar 
lines; are preserved in central institutes and can be obtained 
from there for standardisation of new preparations. 

Since standardisation is based on the neutralisation test, it is 
obvious that every time a newly prepared antiserum is to be 
standardised a fresh toxic filtrate has to be previously prepared 
and standardised with reference to the particular international 
unit of antitoxin. The antitoxic serum under test is then titrated 
against the newly evaluated toxin. As titrations arc performed 
within a short time after standardisation, there is little risk of 
the toxin losing its toxicity within that time. DifTcreot units 
of toxin are now employed in titration: the L+ dose (Limes 
Tod^threshold, death) is the smallest amount of toxin which, 
when mixed with one unit of antitoxin and injected subcutane* 
ousty into the standard animal, will kill it in a specific time. 
Another unit that is sometimes employed is the Lo (Limes Nul) 
unit which is the largest amount of toxin which, when mixed 
with one unit of antitoxin and injected subcutaneously into the 
test animal, will give rise to no observable reaction. The Lo 
dose will just neutralise one antitoxin unit. Varying quantities 
of the serum under test are mixed with the same known quantity 
of toxin, L+ dose, and the mixtures are individually injected 
each into a batch of experimental animals and the effect observed. 
The amount of antitoxic scrum, that will neutralise this amount 
of toxin, as shown by the results on these animals, contains one 
international unit of antitoxin and from this the number of units 
contained in a certain volume, per mi., can be estimated. 
Another method of titration is by the intracutancous injection of 
a mixture of toxin and antitoxin into the test animal. It is based 
on the Lr dose of toxin which is the amount of toxin which, 
when mixed with a standard unit' of antitoxin and injected 
intracutaneously into the test animal, will produce the minimal 
skin reaction. The neutrality point can also be roughly estimated 
by the flocculation reaction of Ramon; when the ingredients 
u 
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are brought together in differcnt.proportions,, flocculation occurs 
most heavily and rapidly at this point, this is the Lf dose of 
toxin. But this method is less reliable and is only employed 
as a rough preliminary to the in vivo tests. Details about 
standardisation are given in the chapter on C. diphtheria. 

The L*f dose is the minimum amount that will cause death 
of the test animal under certain specified conditions and Lo dose 
is the amount that will just neutralise one antitoxin unit. iThe 
dose is, therefore, larger than the Lo dose and one would 
suppose that the difference between these two doses will be one 
M.L.D. This supposition is, however, wrong and the actual 
difference has been found to be very much higher, varjang 
between 10 and 100 M.L.D. On the other hand, the Lr dose is 
very nearly equal to the Lo dose, as the amount of toxin 
necessary to elicit minimal skin reaction is very small. The Lf 
dose is really a measure of the combining capacity rather than of 
toxicity, so that the toxoid degeneration, invariably occurring 
in all toxic filtrates, does not tell upon the dose. Hence, in 
general, .the Lf dose is slightly smaller than any of the other doses; 
In the administration of sera we are now guided solely by their 
potency as measured in terms of the above standards. .But 
potency alone does not always depict the fulLprotective value 
of a serum; its quality (avidity) is also an important ’factor. 
But of this we have now no standard. 

Concentration of Antiserum. The antibodies are specialise 
globulins or separate entities intimately mixed with • globulins. 
The globulin can be precipitated out of solution^by 50 per cent, 
saturation of serum with ammonium or sodium sulphate. .Th® 
precipitate is removed by filtration and dialysed in water to 
get rid of the salts. It is then resuspended in physiological 
saline of much smaller volume than that of the original serum. 
By this>process the bulk of the immunologically inert proteins, 
which cause serum reaction, is also got rid off. Ite .resu ting 
product is, therefore, 'both concentrated and refined (p..2 2 ). 

- Mechanism of Antibacterial Immunity, When there is bacteria 
invasion, the tissues respond by producing specific anti actena 
substances which are found in the blood in large concentration- 
These antibodies in some way tend to counteract .the damaging 
efiect of the bacterial toxins and thus protect the body, A 
been pointed out before, the tissues can also be inducea 
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generate such antibodies by vaccination. Sera containing these 
antibodies are called antibacterial sera. Other factors which ate 
also vitally concerned with this type of immunity, are certain 
non*specific agents such as the phagocytes, opsonins and comple- 
ment. There is ample evidence to show that JanUbaclerial 
•immunity is partly humoral and partly cellular. The former is 
specific and the latter non-specific. Passive protection is likewise 
possible with antibacterial sera. These have led to the inference 
that the humoral part is more important than the cellular; this 
still awaits elucidation. 

The antibacterial immunity is more variable than antitoxic 
immunity. It is also less eficctive than the latter. Standard- 
isation is difficult and often the dose is expressed in volumes. 
Some of the most important antibacterial sera are the pneumo- 
coccal, meningococcal, anthrax and plague antisera. 

As indicated in an earlier section (p. 238), the antibacterial 
antibodies function in a variety of ways and their action can be 
demonstrated in vitro. The precise mode of action is probably 
to sensitise the specific antigens, leading to their phagocytosis, 
lysis, agglutination or destructive changes. These reactions have 
been exploited to form the bases of important diagnostic proce- 
dures in clinical medicine. While the bactericidal, lytic and 
opsonic functions arc potent means of resistance, ’it is not 
certain whether the in vitro reactions of agglutination, precipi- 
tation and Complement-fixation occur also in the body. Some of 
these reactions, by aggregating the antigens in vivo may have 
a localising 'effect which is materially helpful in resistance. 
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IMMUNITY REACTIONS 

Precipitation. The principle involved in the precipitin reaction 
is that when an antigen in solution is brought into contact with its 
antibody under suitable conditions, specific combination takes 
place, followed by visible flocculation of the antigen-antibody 
compound. The reaction is thus a relatively simple one and so 
this and the allied agglutination reaction are considered before 
other more complex reactions. Also because of the simplicity 
of technique, the precipitin reaction, of all the serological 
reactions, has been the most studied; the results of these studies 
have shed considerable light on the quantitative aspect of antigen* 
antibody reactions in generaL 

Kraus (1897) was the first to describe the phenomenon of 
precipitation. Working with cholera vibrios and plague bacilli, 
he observed that when the cell-free filtrates of their broth 
cultures were added to the homologous antiserum, a visible 
precipitate was formed. The filtrate contained the soluble 
bacterial proteins. He also found that the reaction was spedfic; 
the cholera antiserum, for example, caused no precipitation wth 
the plague extract and vice versa. He called the tpheno roenoa 
preci pjtation and jhe c o ncerne d antibody precipitlnj Sometimes 
iSct£Tm~precipUinogen is appli^ uhs'jquen lly, 

Kraus showed that the phenomenon of precipitation was a general 
feature applicable to other bacteria as well. Following this, the 
discovery was made that all complex proteins possessing antigenic 
properties, such as animal sera, egg albumin, milk and others, 
behaved in this respect like bacterial proteins. 

As mentioned above, it is 3 simple reaction involving only 
two immunological reagents— antigen and antibody, j^o comp ly 
inent is nyessary, but the presence of electrolytes is essential . 
Specific “precipitation occurs when^a'prccipitating serum is mixed 
with a solution of the corresponding antigen in the presence of 
electrolytes. Certain experimental conditions influence profoundly 
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the dynamics of the precipitin reaction. The effect of concen- 
tration of the reactants is considered below. The rate of inte- 
raction between th e reag ents, and of visible particulalion, is 
quicker in a small^ than in a larger total volume bffiuid'in the 
interacting system. The advantage of reducing the volume of 
the reagents is, therefore, obvious. increasing concentration 
•— i- ^ tes the speed of precipi- 

■ ■ , . I .r ttgver, an nppngite 

r . • a sim ilar way, hastening 

■ ■ . up to the opUmui^ 

Teinperatufes above 37'’ C. retard ffie'actidif'ahd may in soim 
cases^^u se an already tonh^~pfccipnare~ (b 7edlss~bfve . For 
th irrMs'o n, the test is usuaTTF^rioro^ at a temeecatu re ^ or 
b^wjhis level. 

Unlike in the agglutination test, the proced ur e in the preci - 
pi tation t est-is. jto- joix.ihe prcmpiiating scrum, undiluted or 
slieh dy dilute d, with falling concentrations of the antig en. It Is 
done in one of two ways. The dilute antigen is kept in narrow 
test tubes and the serum is slowly layered on the surface; 
a precipitate appears at the interface as a white or opalescent 
band— the ring test. Or the reagents are mixed in the usual way 
when the antiged'antibody complex settles down as a precipitate.- 
Tbe titre of the precipitin content of a serum is expressed in terms 
of the highest antigen dilution which gives a visible precipitate 
with the serum. Sera of very high potency, causing precipitation 
in dilutions of 1 : 1,000,000 to 1 ; 5,000,000 may be obtained.. 
This along with the specificity of the reaction renders the preci- 
pitin reaction a very delicate test of great practical utility. The 
end p oint of the test, performed as above, docs not, however. 



in the tube in which precipitation occun first and most copiously 
gives the optimum proportion. Two optimal ratios may be 
de fined: the consiant-aniige n optimal ratio and the cqr^ tant- 
an jAodv optimal ratio. In the former constant amounts, of antig en 
arc mixed with falling amounts of antibody and in the latter 
co ^taHt a robunts or an iiSodv a reJa bded lo oecreasing amo unts 
of antigen. The two ratios are not necessarily identical. While 
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they differ very little in Raaton’r diphtheria torin-antitoxin 
titrations in other cases the quantity of antibody required for 
optimal flocculation when the antigen is kept constant is found 
to be SIX to eight times the amount necessary when the antibody 
IS kept constant. The cause of this discrepancy is to be found 
in the varying proportions of antigen and antibody that go to ’ 
make up the precipitate and this, in turn, depends upon the 
relative proportions of the interacting substances. * 

The concentration of the antibody in the interacting system 
exercises a much greater influence jn the precipitation than in the 
agglutination re , . \*:*' — rv"' **• th; rf , 

b gyon d a certa ' i 

i..*:- **. •; , 

is probably an adsorption of antibody by the antigen. Compared 
to the. coarse bacterial cells, the molecules of the soluble antigens 
are very fine and so the total surface area to be covered by the 
antibody globulin is very much greater in the case of the latter 
type of antigens than in the former. Hence, very much larger 
amounts of antibody globulins are needed to bring'about preci- 
pitation than to '.-cause clumping of bacteria. This probably 
explains why dilution of antibody, which, causes a fall in its 
relative proportion to antigen, results in the partial or complete 
suppression of precipitation. In contrast to the precipitation 
reaction, a positive agglutination reaction can still be obtained' 
even after considerable dilution of the specific serum. ' The above 
considerations make it manifest that the ratio of antibody to^ 
antigen is greater in the precipitate than in the agglutinated 
bacteria. 

In titration experiments followng the constant-antibody 
method, there is a partial or complete inhibition of reaction in the 
2one of antigen excess. From the above quatititativc considera- 
tions it is easy to visualise that jn circumstances of moderate 
antigen excess the amount of antibody globulin available is 
inadequate to fully sensitise all the antigen molecules; conse- 
quently, only partial reaction takes place in this region. When 
the antigen excess is marked, the inadequacy is so gross that 
Tio union of antigen and antibody ensues and the result is 
a complete inhibition of reaction. 

/ Quantitative analysis has shown that in most cases the 
precipitate is largely formed by the antibody. Even in the same 
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precipitating system, the amount of precipitin in the precipitate 
has been found to vary with the concentration of the reactants. 
These experiments suggest that the antigen-antibody union occurs 
in varying proportions, ' 

The present conception of the mechanism of the precipitin 
reaction is somewhat as follows: The reaction occurs jn__twp 
sta ges. First there is a specifi c union bet^eiLihe .aatig en-apd 
thS'anlibody, 7esulilnE in lbc~ formation of^an_an.tigen:antibody 
compfex wUh'ouT vTsIbTeTI dccuI ation. It is a process of sen sitisa- 
tiom K is followed by Jhe $ecoo3^phase in w hich a ggre ga tion 
^ the fine sejtsitised p artic les into macroscopic size occu rs; this 

i- fatzrra; «i . — ~-kc of electrolytes.\ Both 

; . • ' • * ns ar e in Cn^' cmioid al 

‘ . .1 • cqmpMed o/ molecules 

■ ' . ■ • • • display great^afFinity for 

water. The se molecules, therefore, attract a film of water around 
them, thus maiamining. themselves in tvaiery s'olutIbns‘."~Tbe 
specific antigen^ntibody cornbination occpislbyliEeTSiUbody 
globuTifl “foxing a coating around jhe_anUcciLjpol^ule_and 
in tEs' process fHe“gt6b'ufin mollies beco me denatured a nd 
trans(onnc^d._frofn the hydrophTfic Jot^ the hyd rophobic tvp e3 
the Kydrophilic groupings are put out of action partiaUv o r 
compietely. W^n so denatured,^ prot ein co lloldJaecosies salt 
sensitive. The attraction between its own molecules becomes 
relatively greater but sliTT nol'sullicjth'ny'^gr^t lo”cause' visible 
particulatio^ The moIccuTes'of^’''- ' r-’--*' — 
not only due to the hydration' ' ■ • i ' 

charge each bears. The funciror . ; ’ . • • , 

the electric charge of the cdmplcxpthm rred ^ing or i embving 
the rep elling fo ree of the particles which are^ therefor e, clu mped 
together to for m visible precipitate. 

An alternate mechanism was wopounded by Marrack and 
is known as the lattice ^xpoihesis ^ Regarding the manner 'of 
specific union between antigen and antibody, t^re is substantial 
agreement between Bordet’s adsorption- theory ~and the lattice 
hypothesis. B oth postula te that the specific union is determined 
by c ertain rea ct ive f orce? present _p&Sie.SoiauSrj5urface or the 
~ . « . - . sumes 

:es of 
t also 
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the antibody, is multivalent. - And during, interaction these 
mutually, fitting force points or polar groups on the respective 
molocules are brought into apposition when the molecules 
unite (p. 248). 

• • >ry the_j3reciriitat e. in ..the precipi tin 
• • ••nuitg..anligen_anAant ibodv mo lecules 
ike arranpeme ntj^ftr tattirp by the 
reactive forces; the antibody molecu les are .parVp.H amnnd the 
antigen , m olec ules in^ciid' ~oP-7orniing a film. For instance, 
a divalent antibo^]moI^e;30SaZ®Iffi^®eht.jiitigeii 
mol eculesT^^ese link^ antige n molecules combine with n ther 

\ 


does not recognise two stages as laid down' in Bordet’s conception. 
T he hydropho be transfqrmaUon.otJhfi-ttsuUujg-COinplex, accor- 
din g to this the ory, u du^ pt only t o a loss of affin ity for water 
but als o to a n e wly a cguirg d special attract ion b etween se nsitised 
molecules. That electrolytes are e ssential for the prec ipitin 
reaecio n is “not m'd^hgfrtfohv'^ tfa Jhi&jb-eQ^ ~ . 

Though the precipitin reaction is highly specific, cross reactions 
with precipitating antisera occur not infrequently. For example, 
an antihuman scrum produced in the rabbit will precipitate sera 
of chimpanzees, gorillas and higher monkeys. . This is -most 
probably due to a similarity in molecular structure or similarity 
in the immunologically determinant groups in the molecules of 
the serum proteins of mao, apes and monkeys. The occurrence 
of cross reactions, however, does not detract from the practical 
value of the test, as they can be eliminated by suitable methods. 
An antiserum prepared in an animal whose antigens show cross 
reactions, for instance antihuman serum from monkeys, does not 
show cross reaction. 

Precipitation mav alsj?_b<* c aii-sed by..certain partiaLaptigcps 
or haptens. An example of this is ^e-£aRsu.lar._antjgen of the 
pneumoco ccus. A n antipneumococtal serum precip i tates not only 
thejot^pneumococcal substance in solution, but also the pure 
capsuiar~antigenr'”Visible flocculation may, however, occur only 
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when the haptens are of high motecutar weight, as in the case of 
the polysaccharide haptens; with simple haptens, like certain 
organic acids or monosaccharides, no visible reaction takes 
place, although the specific hapten-antibody union will have 
occurred. That such an invisible onion may take place is 
proved by the fact that a precipitating serum treated with a simple 
hapten loses its capacity to precipitate with the complete antigen 
subsequently. 

Reference has already been made elsewhere about the close 
similarity between the precipitin and agglutination reactions and 
bow collodion particles covered over with antigen, whereby they 
come to behave as antigen particles, undergo agglutination like 
bacteria in the presence of ascending dilutions of the prccipitatinig 
serum. Further, the antigen-antibody complex in a precipitin 
reaction has been shown to be capable of fixing complement, 
pointing to the close relationship between all serological reactions. 

The nreeipi tin_tgactian.J&-a-yefv delicate, one: a precipitating 
ser um will give virible reaction when mijied vdthJts antigen even 
whem-ihis. .Ia~3[lute~(f7several thousand times-. This has very 
importantpracticaLsignificancciJt provides a far finer test for the 
detection of proteins than any chemical test. The precipitin test 
is employed for various purposes: in medico-legal work to 
determine the origin of blood stains; in the identification of 
bacterial types, as in the typing of pneumoeri and meningococci; 
in diagnostic procedures, as tn Kahn and Ascoli’s tests; in the 
titration of antiserora and m the detection of fraudulent substi- 
tution of food materials. 

Agglutination. The phenomenon of aggJutination can be 
demonsuated by mixing together a bacterial suspension and the 
specific immune serum, ^jist the organisms, if motile, lose their 
motility and then aggregate into small clusters which soon form 
large clumps, v In the test tube the clumps rapidly settle down 
to the bottom and the column of fluid, which was turbid at the 
commencement of the test, is rendered clear. The speed and 
completeness of reaction are influenced by a variety of conditions • 
which are described below. 

While agglutination had been observed by other investigators, 
the phenomenon of specific bacterial clumping was first recognised 
by Gruber and Durtom in 1896. In the course of their studies 
on the Pfeiffer pbenomenoii. they observed that on mixing with 
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the homologous serum the cholera vibrios in a broth culture 
clumped together and settled to the bottom, leaving the super- 
natant fluid clear. It was subsequently found that any foreign 
cell, such as yeast or erythrocytes, will stimulate the production 
of agglutinating scrum for that cell. Shortly afterwards, Widal 
and others studied the special application of this phenomenon 
in the case of enteric fever and established it as a valuable 
diagnostic aid in this disease. Later on, its application was 
extended to the diagnosis of many other infections, like cholera, 
dysentery and undulent fescr. Early observers had called atten- 
tion to the fact that normal sera may agglutinate many bacterial 
species in low litre, up to 1 : 10. The presence of the so-called 
normal agglutinins in the blood has been referred to elsewhere. 


This has to be kept in view when conducting routine diagnostic 
tests. Haemagglutinins are a type apart and arc dealt with 
separately (p. 274). 

The agglutination reaction occurs in virtue of the. presence 
of 'Certain specific substances in the agglutinating serum called 
agglutinins. Their production in the body is stimulated by bacterial 
or other antigens termed agglutinog'cns. ^Sera ofhigh agglutinating 
potency, agglutinating in a dilution or 1 : 20,000 or more, may 
be prepared by the immunisation of suitable animats. Such 
agglutinating sera are referred to as Jiigh tilre sera^ 

This reaction is analogous to the_ precipitation reac tion; it 
occurs bclwecn~tNS'0 interactmg'iubstanceSj.antigcn and antibody; 
it “docs not require the cooperation -of the complement, the 
aggltnln 3 lmg_activity hot being destroyed by heatmg the serum- 
at S6-Cr; 'but'thc prestnee oC electrolytes is essential^f The 
difference Hcfween these two reactions is due to the difference in 


the siz e of the particles* constituting ^the aMigen/ It is to be 
noted t hat, wh ile in precipitation the antigen J_s m fine colloidal 
solution, in agglut ination it Is compo sed of relat ively large 
bacterial or ^ther^cells, jorthln^ajilghly-complcxi^tem often 
■with'TTnumber of ai^genic componenlS-distiibuted over the cell 
surfaceT in"' . ; ' '.■•■■.•Ir' ir> *'VO distract 

sta^s. Inthe . : ■ : ■ ' ' ■ iontoween the 

“SS'-'in!" '■nd-e- ' ■ .^dsorpMa; 

this interaction~in pecific. i n?T‘ollowe3 bjMj? secoi^p se 
in whlaTthTre .is jggiegatioOQEErsehsitisedJactefraJhroag 

salt action: it is non-specific. The pre sence of e^^rfjTesjn- 
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mcdiuin is. therefore, essential also for t he agg lutination reaction. 
In the absencc~orsai nro~clain pKig will take place.! This can be 
demonstrated readily. The interaction is allowed to take place 
with reagents dialysed free of salt, i.e. in a salt-free medium; 
the mixture is centrifuged and the sediment, composed of the 
antigen-antibody compound, resuspended in normal saline when 
agglutination is found to occur without any further addition of 
the specific serum; the supernatant fluid after centrifugation, 
on the other hand, is found to be deprived of its agglutinin 
content. Thus, it is not the agglutinin that actually brings about 
clumping; its union with bacteria renders them readily fiocculable. 

In the ordinary pH range bacteria are negatively charged 
and in an electrical field (cataphoresis) traverse to the anode. 
As in colloidal suspensions, the like electrical charge of the 
individual cells is responsible for the maintenance of the stability 
of a bacterial suspension. Operating against this repelling force 
is the natural intercellular cohesive or attractive force which 
appears to be a function of surface tension. But so long as the 
repelling force is unimpaired, the effect of the attractive force is 
negligible. In the agglutination reaction this repelling force is 
•overcome and the physical conditions of the bacterial cell so 
altered as to force out the bactena from suspension. The 
factors responsible for this are the specific agglutinin and the 
electrolyte. There does not seem to have much doubt that the 
essential part played by the former is to transform the bactena from 
a hydrophilic to hydrophobic state. Opinion is divergent whether 
their sensitisation has also a part m reducing the surface charge. 
Whatever that be, there is no disagreement on the point that it 
is the electrolyte that is primarily concerned in overcoming the 
repellent force. While salt neutralises the electrical charge, it 
also at the same time decreases the cohesive force. But serum 
seems to antagonise this action of salt and prevent it from 
reducing the cohesive force of the bacterial cell. The changes 
in the physical condition brought about by antibody sensitisation 
ate not alone adequate to cause clumping which, under ordinary 
conditions of expenment, requires a decrease of the surface 
charge to a low level of 13-15 mvt. So long as the surface 
potential is not reduced to this level, the sensitised bacteria 
remain disperse. The function of the electrolyte is to depress the 
charge below this critical level when the natural cohesive force 
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comes info operation, completing the reaction as expressed by 
visible flocculation. 

Several physical factors,, such as temperature, pH of the 
. mecfjura and concentration of the interacting substances, influence 
>1 the rapidity of action in the second phase. The temperature 
employed in performing the test is 56® C. In most cases normal 
saline proves quite a satisfactory medium. The bacteria may be 
Kving or killed; if alive they arc not killed by the reaction. 
In fact, the agglutinated bacteria may continue to grow although 
in bizarre forms of long delicate chains— the so-called " thread 
reaction”. 

Quite independent of the presence of immune antibodies, 
acids in certain concentrations have a clumping effect on bacteria. 
It is probably the concentration of hydrogen ions that is 
responsible for it. At a suffidcntly low pH level, about 3*fr4’0 
for most bacteria, which corresponds to the iso-electric point of 
the bacterial protein, spontaneous agsluiinalion takes place. It 
/ is called acid agglutination. At one time it was regarded that this 
pH value was different for different bacteria, having, therefore, 
a differential value. This sdew has been proved incorrect by later 
work. 

Spontaneous agglutination is a common feature with certain 
/ microbic species, such as haemolytic streptococci, tubercle barilfl 
diphtheria bacilli and others. It is probably a reflection of 
greater cohesive power among the cells of these species. A great 
handicap in practical work, it can, however, be eliminated in many 
cases by growing the organism at room temperature or by 
suspending it in low salt concentration or at a buffered reaction 
of pH 7 to 8. Spontaneous agglutination is also a properly of 
rough variants which agglutinate in salt solution not containiug 
any specific agglutinin (p. 345). The importance of spontaneous 
agglutination on the practical side is that it may present us 
with technical difficulties when performing the test. 

^ Cross agglutination is a frequent phenomenon among closely 
related bacterial species. It is due to a sharing of antigenic 
components among them. Mention has been made ehewhere 
that the bacterial cell is not aotigemcally simple, but c^posea 
of a number of serologically different moities (p. 237). Thus, an 
antigenic component possessed by one species may be common 
to another allied species. The specific scrum produced agams 
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the first will cross-agglulinate the allied one but generally in 
a low tUre. Such common aof/gens arc spoken of as 
antigens and the agglutinins lesiJonsjblc for cross reaction group 
aggluiittftts or sometimes minor agsiotmins in contrast to the 
strictly specific malar aggiutinins formed against the main antigens. 
Group agglutination is a conspicuous feature of the Salmonella 
and dysentery groups of organisms. The formation of group 
agglutinins, however, dees not detract from the practical value of 
the test as a specific one. The minor agglutinins in an agglutina- 
tingftrum can be put out of action by sufficient dilution. 
^Prozone Ricnomenon. It is a peculiar phcrtomcnon some-' 
times observed in agglutination and other serological reactions. 
In this, agglutination takes place m high dilutions of the immune 
serum, while it fails to cocur in low dilutions, 1 : 10 to 1 : 20, 
i.e. in the first two or three tubes in which the scrum is present in 
the greatest concentration. This zone of low dilution where there 
is iohibition is known as the prazonc or proagglutinoid zone. The ' 
explanation of this is still obscure. The phenomenon is more 
TOmmon with old or heated sera and presumably ogiag and 
heating bnng about some change m the antibody globuli n. This 
change, at any rate what is brought about by heat, does not 
seem to do away with the property of specific unidn; in the 
prozoQc the heat-changed agglutinins combine wiih-bactefia, but 
no clumping fplloWi. ' ProbaWy, such modified antibody globulins 
act as protective colloidsw^ 

Ag^utination Reaction and Bactm'ai Antigens. The bacterial 
cell has a complex antigenic structure composed of various 
components. The importance of this in agglutination reaction 
has been brought into prominence by recent studies. Whether 
these various antigenic fractions have any exact distribution on 
the bacterial body is not clear. This question has some 
important bearing on the agglutination reaction. 

In the case of mottle organisms, such as the SaltnonellaSi 
froteus and others, the QageUar material constitutes a different 
antigen from that of the somatic or body substance. The 
former is called the flagellar or H {Hauch spreading) antigen 
from the spreading nature of the colonies of these organisms on 
solid media and the latter the somatic or O (Ohne hauch) antigen 
as the colonies are not sprea^ng but small and discrete. The 
H antigen is naturally situated on the surface of the body and 
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the O antigen deeper to it. Each of these types stimulates its 
own agglutinin; thus, there is the H agglutinin and the*0 agglu- 
tinin, each interacting only with the corresponding antigen. 
This difference is of considerable importance in diagnosis and 
also in prognosis, as the O, antibody seems to have some 
protective value, ''^he H antigen is relatively labile, being 
destroyed by heat above 70“-75“C. and by the action of 
absolute alcohol. Among the non-motile organisms, the H antigen 
is absent as they are aflagellate. In them the superficial antigen 
is of the somatic or O type. It resists a temperature of 100° C. 
and the action of absolute alcohol. With H antigen and its 
antibody agglutination occurs rapidly. The clumps formed are 
fluffy composed of large loose flakes which consist of bacteria 
come together and entangled by their flagella. With 0 antigen 
the clumps are slow to form; they are small and granular as 


the bacterial cells arc closely packed together. The difierences 
• in the physical states of the clumps are purely consequential to the 
presence or absence of flagella. These structures get entangled 
themselves, preventing close approach of the bacterial bodies. 

/The H antigen, like the O antigen, is not always simple in 
structure. The H antigen of many motile species exhibits what 
is called phasic variation. The flageUar substance of a motile 
species may consist of one or more antigenic fractions. These 
components may be highly specific, i.e. peculiar to the species 
or, what is more complicating, some of them may be common 
to other species. An ordinary culture contains both groups, 
some bacilli bearing the specific antigens and others the non- 
specific antigens. Organisms possessing the specific antigens are 
said to be in the specific phase and those that possess 
antigens are said to be in the group phase. Strains tfjat J 
a tendency to such specific-group phase variation are 
diphasic strains. In either phase there may be more t 
H antigen. For example, Bact. paratyphosum B i«ay rema 
either in the specific or in the group phase. In the ^ 

there is only one antigenic component i called 
replaced in the group phase by two different compo ‘ 

1 and 2 which are also common with the group phase H ^ ^ 
,yM.muHum (Table XIV). By PW 
and subculturing rndividua! colomes, pme culture 
o f organisms entirely in the specific phase or in g 
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The former is very unstable and may soon give rise to progeny, 
some exhibiting specific and some group characters. In the 
specific phase the antigen is highly specific and a culture 
containing the specific phase type agglutinates only with the 
serum prepared against the spcdfic phase culture, whereas in the 
group phase, as the antigenic components are shared by a large 
number of allied species, cross agglutination occurs. It must, 
however, be noted that this separation into specific and group 
phases is not sharp (p. 348), 

The O antigen does not show any tendency to phasic variation 
like the H factor but remains fairly constant within the spedes. 
In the same species, however, there may be more than one 
O antigen. For example, Bact. paratyphosum B contains four 
somatic antigenic components, I, IV, V and XII. There may 
also be common O components among closely allied species 
(Table XIV). This is a striking feature of the SoinioneHos. 

The smooth somatic antigen docs not remain constant under 
all conditions. The S-R varialioo occurring in bacteria is also 
associated with changes in the antigenic structure and loss of 
specificity. The rough variant does not contain the specific O 
antigen. The noa<specific rough antigen now exposed is called the 
R antigen and is distinct from the O antigen. With this transfor- 
mation. theH antigen is not necessarily lost and the rough variant 
may remain motile, i,e, there can be a rough motile strain. 
'4 t Labile Antigens. Attention has been recently drawn to the 
presence of certain antigens, apparently on the surface, in some 
bacterial species, which are readily destroyed by heat and certain 
chemicals and for this reason called labile antigens. Because of 
their instability, earlier workers missed their existence. The Vi 
antigen of 'the typhoid bacillus is an example. This antigen 
is associated only with vmulent strains and it appears to be of 
importance in active immunisation (Chapter XX). 

Agglutinins. The agglutinating antibody is called agglutinin. 
The different types of antigen mentioned above give rise to the 
formation of corresponding agglutinins in the body. Thus, there 
is the H agglutinin, O agglutuun and Vi agglutinin. They 
interact only with the homologous antigens. While the H antigen 
is relatively labile, t the H agglutinin is relatively stable; the 
O antigen is stable, whereas the O agglutinin is relatively labile. 
It has been mentioned on a previous oarasion that the H aggtu- 
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^ Pnins have little proteetive value, while the presence of O and 
2 agglutinins in the, serum has been associated with increased 
resistance. But the occurrence of in vivo agglutination has not 
been definitely proved. Admitting that it happeris, we may 
surmise from the effect of in vitro reaction that agglutination may 
not directly cause the destruction of the agglutinated bacteria; it 
render them more readily vTilnerablc to other defence forces. 
/ Application of the Agglutination Test. The agglutination test 
is of considerable value in the diagnosis of infectious diseases. 
It is made use of in two ways: in one, the presence of a specific 
agglutinin in the patient’s serum is determined by the employment 
of known bacterial antigens; in the other the reaction enables 
to establish the identity of an organism which is isolated from 
a patient with the help of known sera. The agglutination 
reaction is also employed in the typing of bacteria, for example 
the typing of streptococci or pneumococci. 

The test is conducted in two ways*, the microscopic and the 
macroscopic. In the former a bacterial suspension is mixed with 
the serum dilutions on the slide and examined after half to one 
hour under the oae*sixth inch lens of a microscope. This is 
a much less satisfactory method than the macroscopic method. 

In the latter the test is done in small tubes arranged in suitable 
racks. Serial dilutions of the scrum — 1 : 10 upwards to any desired 
extent— are made with physiological salt solution, maintaining 
a constant volume (0-5 or 1-0 ml.) in each tube. An equid 
volume of the bacterial suspension, standardised to contain 
a certain number of organisms, is added to each tube. This 
doubles the serum dilutions. The rack is then incubated in 
a water bath at 56” C. for two hours or at 37® C. overnight and 
the readings arc taken two hours after removal from the water 
bath or the following morning. The highest dilution of the 
serum at which there is visible clumping is reported; it is taken 
as the end titre of the serum. , 

! In the conduct and interpretation of the test certain dim- 
culties have to be overcome and fallacies avoided. Partic^ar 
attention should be paid to the condition of the culture 
somatic antigen, flagellar antigen or labile antigen. The possi e 
occurrence of spontaneous agglutination, particularly evince y 
rough variants, should be remembered. Some organisms, or 
instance,' Sonne’s dysentery bacillus, undergo rapid dissocia Jon. 
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In their 'case only freshly isolated strains should be employed in 
the test. ..It may be remirtded that different species and even 
different strains may exhibit differences in agglutinability; this 
has to be met by suitably modifying the technique. In the 
identification of organisms by agglutination, specially prepared 
high litre sera should be employed in order to eliminate errors 
from group agglutinins. The presence of labile antigen in the 
culture used may present agglutination by O antibodies. Compli- 
cation may likewise arise from the fact that a patient’s serum 
may contain group aggluimms, normal argtulinms or residual 
agglutinins after prophylac«ic immunisation. This and cognate 
problems are discussed under the diagnosis of enteric infections. 
Agglutinin Absorption. Many bacterial species exhibit a 
heterogeneous antigenic structure and consequently stimulate the 
production of multiple antibodies which arc not all specific. It 
follows that the antiserum produced against any such species will 
contain a number of ag^utmins. Tbe method of agglutinin 
absorption provides a means of demonstrating these facts and 
establishing the antigenic relationship of bacteria; it further 
helps in the disentanglement of the antigenic mosaic of a bacterial 
cell through a process of selective absorption of agglutinins. Tbe 
union between the agglutinin and the agglutinogen is a fairly 
stable one. By treating an agglutinating serum, usually diluted 
(I; 50), with a dense suspension of the homologous organism, 
incubating for two or three hours and removing the agglutinated 
mass by centrifugation, it is found that the scrum has been 
deprived of the corresponding agglutinins; the organism has 
absorbed the agglutinins and removed them from the system. 
Of course, it is not so simple a process and m practice it is 
accessary to absorb repeatedly two or three times and even then 
complete absorption may not occur. Allusion has been made 
clse%vhere that some of the antigenic components, and conse- 
quently antibodies, arc common to biologically related species. 
Those bacteria that share antigens also develop group agglutinins 
(mmor agglutinins) for related species besides their own major 
agglutinins (p. 268). From such an antiserum the homologous 
bactenum will remove both the specific, or major, as well as the 
group agglutinins, whereas the related species will remove only 
the group agglutinins, leaving the major agglutinins intact. Again, 
the group agglutinins and the specific agglutinins formed by 
15 
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n bacterium are sometimes found to be almost of the same 
titre. In these circumstances, the members of an allied groan 
cannot he differentiated by simple agglutination tests which will 
give only equivocal results; the agglutinin absorption test will 
have to be done in such cases for final differentiation. 

Hfleraaggluh*QiQ5 

Agglutinins that cause clumping ot red Wood corpuscles are 
called fiaemagglutinins. They occur naturally or can be artificially 
induced by the injection of red cells. But the term haeroagglu- 
tim'ns IS usually crnployed to denote the former, hlatural 
haemagglutmins occur in human sera; similarly, aggludnahle 
substances, haemagglutinogens, are found in the e^throcytes. As 
the former act on the celb of the same species, they are called 
fsofiaemaggtutinins or simply isoagglutinins. Associated with these 
agglutinins may also be found hacmolysms; lysis takes place 
itt VIVO but only rarely in vitro. These agglutinating and aggluti- 
nable factors form part of the physiological make-up of roan, but 
in the normal individual no agglutination takes place due to 
differences in Iheif distribution. 

For much of our knowledge about the subject of blood grou- 
ping we owe to Landsteincr. He classified (1900) human blood 
into three groups; this was soon followed by the addition of 
a fourth group by bis associates. But it should be mentioned 
that Jansky (1907) and Moss (1910) independently described the 
same four groups but gave them different notations. K is 
ILandsteiner’s notation, adopted as (he iniemational nomenclature, 
that is now employed everywhere. 

Landsteiner demonstrated the existence of two types of 
agglutinins which he called a and b and two types of corpuscuiar 
agglutinogens A and B and further showed that one type of 
agglutinin is never found in association with the correspon^ng 
type of agglutinogen. Further, both agglutinins may oe present 
in the same individual in which case no agglutinogen is found at 
all in his cells: or both cell substances may occur together when 
tio serum factors are present. This peculiarity in the distribution 

of the interacting substances explains why no agglutination occurs 

in the normal state, • ' ' ui ^ 

According to the distribution of these factors in the blooO, 
humanity can be classified into four large groups, designated 
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BiSera alone, but it is preferable to keep also a stock of O senim,, 
Gro^sera are also available in ceitain.commercial firms. 

tie grouping of blood is a relatively simple matter. It may 

be done in short narrow test , tubes or by the simple slide method 
which IS in more common .use. ^s; it prevents evaporation, the 
hanging-drop method may have advantage over the ordinary 
slide method. As far as possible, fresh cell suspension should 
be used, since preserved cells cause anomalous reactions. A 1-2 
per cent, suspension is the proper concentration. A drop of 
blood from a finger puncture is transferred to 2-5 c.c. of a 1-5 
per cent, sodium citrate solution in physiological salt solution. 

It gives approximately a 2 per cent, suspension. As the presence 
of citrate does not interfere with the reaction, blood jnay be 
taken in citrate saline and directly used for grouping. If desired, 
the cell suspension may he centrifuged and the deposit resus- 
pended in normal saline in the required concentration. A drop 
of the unknown cell suspension is deposited on a clean labelled 
slide side by side with a drop of the standard serum. The two 
are mixed and the slide rocked back and forth. The use of a 
cover-slip is not necessary, unless examination by the microscope 
is contemplated. Definite agglutination occurs at the laboratory 
temperature but is hastened at 37’’ C. Macroscopic clumping 
will be evident in a few minutes (5-10 minutes) in positive 
cases; a hand lens may help in its detection. A positive reaction 
may at times be slow to develop and final reading should not be 
taken before at least fifteen minutes. Thus, the unknown cell 
can be quickly tested with the three group sera and its group 
can, be readily determined from the following scheme: 


Group A 
Serum 


Group B 
Serum 


Group 0 ' 
Serum 


Group of the 
unknown cells 
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False reactions should be carefully guarded against. Deterio- 
ration of the standard serum may be a source of false negative 
reactions. It is to be noted that the reaction maybe considerably 
delayed if o concentrated cell suspension is used; hence, results 
should not be read hastily. Weak reactivity of cells may be 
another source of false negatives. The sensitivity of the aggluii- 
nogens of the new born infant js low, but no reliance is' placed 
on group determined at this age. Preserved blood sustains a 
progressive diminution of sensitivity. As mentioned above, AjB 
is a weak reactor and considerable experience and care are 
necessary to diagnose it. With fresh and highly potent 'sera 
haemolysis may occur rarely, masking agglutination; but this can 
be easily made out. False positives may be due to pseudo- 
agglutination or to bactenogenic agglutination (sec below); they 
may also be caused by the presence of autoagglutinins or atypical 
tsoaggluUoifls in the test sera (p. 280) 

Pscudoagglutination is due to rouleaux formation, the cells 
arranging themselves like piles of coin, and, when it h marked, 
gives the appearance of true clumping. The phenomenon is 
common with the blood of patients suffering from ocutc infectious 
diseases and also of pregnant women; their sedimentation rate is 
also rapid. The rouleaux formation is due to changes in the 
viscosity of serum and is correlated with an increase in the protein 
content of blood, especially fibrinogen. But the exact nature of 
the substances responsible for the reaction is not clear; the active 
agent cannot be absorbed out as in the case of isoagglutinins. 
Also, the reaction is not specific and the particular serum will 
cause rouleaux formation with any red cell suspension. Under 
the microscope rouleaux can be easily made out from true clum- 
ping. The property disappears on slight dilution of the serum; 
even from the already formed clumps the dispersal of cells may 
often be effected by adding a drop of normal saline. 

Bactenogenic agglutination is due to changes m the sera or 
cells resulting from bacterial contamination. It can be avoided 
by using only uncontaramated sera and fresh cell suspension! 

Apart from the red cells, the group antigens are also present v' 
in the cells of most of the organs and in the spermatozoa (pp! 
236, 252). The cells of tumours, both benign and malignant, exhibit 
the property of absorbing isoagglutmms. The body fluids and 
secretions likewise contain the group-specific substances; thus, they 
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are present in the serum, saliva, semen, sweat, tears, urine, milkand 
digestive juices but not in the cerebrospinal fluid. Isoagglutinins 
have been demonstrated in the amniotic fluid, but their presence 
in the placenta is doubtful. The presence of extracellular group 
substances in the body has been suggested to be a protective 
mechanism against damage in mother and foetus in hetcrospecific 
pregnancies, i.c. pregnancies with blood group incompatibility 
between mother and foetus. 

The group characters are inherited according to the 
Mendelian laws of genetics. The existence of three pairs of 
allelic genes, 'A, B and O with A and B as dominant to 0, has 
been postulated. Their transmission is not influenced by sex. 
On the hereditary nature of blood groups is based the application 
of blood grouping in forensic medicine and anthropology. Though 
hereditary, the group characters are only imperfectly developed 
at birth. Isoagglulinogens arc present in the erythrocytes of the 
Qcwbom, but their reactivity is considerably weaker than in adult 
life. Full development of reactivity takes place during the 
process of normal growth and groups arc established within the 
first two years of life. Whatever agglutinins are present at 
birth arc derived from the mother’s blood. They disappear in the 
course of a few weeks and three to six months after birth the 
infant begins to develop its ovra natural agglutinins. Once 
established, the group remains constant throughout life. There 
is no proof that diseases exercise any influence on blood groups. 
Apart from variations in the isoagglutinin content among indivi- 
duals, the litre of these natural antibodies may vary with the age 
of the individual, in certain diseases and even in the absent of 
any traceable cause. The sexes do not display any appreciable 
difference in their isoagglutinin litres. 

Three more isoagglulinogens have been discovered wid named 
M, N and P. No corresponding antibodies against M and N 
are naturally found. The presence of these antigens, therefore, 
is not of any consequence in blood transfusion. They are not 
related to the A and B cell factors and their distribution is 
independent of the major groups or sex. According to the 
presence of M, N or both M and N, three distinct blood 
groups, M, N and MN, arc defined. Absence of these factors 
have never been encountered m any blood. M and N factors 
are also inherited strictly according to Mendelian laws. Hence, 
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they are also of value in forensic medicine in the exclusion of 
parentage in disputed cases. The P factor also follows the same 
genetic laws as the M and K factors and are likewise distributed 
in both sexes and with no reference to other groups. Antibodies 
against P are only very rarely encountered in normal sera or 
after repeated transfusion. 

Importance of Blood Groopfng. The discovery of blood 
groups, apart from its academic interest, has placed in our hands 
knowledge of manifold interests. It finds practical application 
in many fields of work. It has proved its unquestionable 
importance in transfusion therapy. In forensic medicine its value 
in the identification of blood stains and for the determination of 
non-paternity has been well attested. Its contribution to the 
study of anthropology has been immense. The blood groups 
provide an excellent means of studying heredity in man, regarding 
which our present knowledge 1$ poor compared to that about 
plants and animals. The study of haemagglutinins has conside- 
rably expanded our knowledge of the nature of ceUular antigens. 
The subject, therefore, is of much wider interest than to the 
clinician and to the immunologist 

As noted above, blood grouping is of supreme importance 
in blood transfusion, as it helps to prevent senous and fatal 
reactions following transfusion. In causing reaction it is the 
cells of the donor that matter; the relatively small quantity of 
the donor’s scrum wtU be quickly and sufficiently diluted by the 
recipient's blood and thus prevented from exerting any appre- 
ciable effect on the recipient’s cells. The O group contains no 
antigen in their cells, thogh it has both a and b agglutinins in the 
scrum; consequently, their cells will not be agglutinated by the 
serum of any recipient. Hence, this group is called the universal 
donor. Group AB is the opposite of it and is called the universal 
recipient. It is relatively safe to transfuse from a donor belonging 
to the same group as the recipient or from a universal donor. 
What is essential in transfusion is that the recipient’s scrum should 
not clump the donor’s cells, and to minimise the nsk still further 
a direct matching should always be done prior to transfusion. 

It can be done in a very short time (see above). Intragroup 
incompatibility, rarely encoimtercd, may thus be guarded against. 

In recent years, grouping has also acquired increaring 
importance in medico-legal work. It helps to exclude the paternal 
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parentage in disputed cases and also in tie identification of Wood 
stains. As the transmission of these natural .antigens and 
antibodies from parents to progeny follows strictly certain genetic 
laws, parents can transmit to their offspring only those characters 
which they themselves possess. The presence in the child of 
a group substance, which is not found in either the mother or the 
alleged father, exonerates the latter' from that child's paternity.' 
For example, if both parents belong to group A, no children of 
group B or AB can be born of them. A-hA will produce only 
A but not B or AB. 'Obviously, in no case can it be established 
that a certain individual is the. parent of a particular child. 
Thus, it is a negative evidence; nevertheless, it is of great value 
not only in controversies involving questions of paternity, but 
also in those centering round the identity of a child when doubt 
arises as the result of interchange in the infants’ wards acch 
dentally or intentionally. 

Blood grouping has proved to be a valuable aid to the 
study of anthropology. Because of the relative simplicity of 
technique, not inconsistent with reliability, blood tests have been 
extensively used in recent years in this field of work. -They 
have provided very reliable data regarding the geographical 
distribution of races, the racial origin of various groups of 
population and other kindred problems. 

..AjL^utoagglutinins. When the scrum of an individual aggluti- 
n^s his own cells, the phenomenon is called autoaggMinat'm. 

It was considered to be a purely pathological phenomenon, but 
this view had to be revised. Normal sera often show the 
presence of autoagglutinins. Generally, autoagglutination occurs 
only at ©“-f® C. and, as the temperature is raised, re.-crsal of 
clumping follows. Autoagglutinins are non-specific and the 
serum of any individual containing these antibodies will clump 
the cells of any other person irrespective of group, leading to the 
conclusion that the specific agglulino^n is present in alf human 
bloods. Unlike psendoagglotinins, they can be removed by 
absorption, resembling in this respect isoagglutinins. In cenain 
pathological conditions, like paroxysmal haemoglubinuria, syphi- 
litic and hypertrophic cirrhosis of the liver, haemolytic jaundice, 
Raynaud’s disease, severe anaemias and trypanosomiasis, the auto- 
agglutinin content of serum increases considerably and agglutina- 
tion may occur even at room temperature. But it is very rate. 
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The presence of autoagglttlinins in sera, which react at room 
temperature, is another source of fallacy both in grouping and 
cross matching. Unwashed'ceBs of the patient maybe dumped 
by any test serum and he may be grouped as AB. In doubtful 
cases, therefore, cells washed with warm salt solution are to be 
used for the test which should be conducted at IT C., at which 
the autoagglutimns are not active. Difficulty in cross matching 
can be got over by removing autoagglutinins from the patient’s 
serum through the agency of bis own cells by keeping the blood 
at C. and by using only washed cells of the patient. 

Autoagglutmins should not be confused with atypical or 
irregular isoagglulinins that may very rarely occur m normal 
human sera. Mostly, these irregular agglutinins are active only 
in the cold when they are referred to as cold agglutinins. Their 
titre is too low to interfere with the grouping of blood. 

factor. The Rh factor is a minor isoagglutinogcn dis- 
covered m 1940 by Landsteiocr and Wiener. Its presence was 
first demonstrated by them in the rhesus monkey, in which it 
was found to be a constant factor. Hence the name Rh factor 
was assigned to it. Shortly after, it was shown to be also a 
constituent of human erythrocytes. In contrast to the major 
group substances, no natural agglntiniD against the Rh factor 
eaists, but it is induced by active immunisation. The distribution 
of the Rh factor among the several races has not been extensively 
worked out. About 85 per cent, of the Anglo-Saxons have it; 
the rest of them are Rh-negative. Limited search indicates that 
the frequency is very much higher among the American Indians 
(92 per cent ) and the Chinese, among whom there are’ practically 
no Rh-negativcs. ^ 

The serum of the mother of an infant with erythroblastosis 
foetalis is the most dependable source of anti-Rh agglutinins. 
Patients (Rh-negativc) who have had haemolytic reactions after 
repeated transfusions from donors (Rh-positivc) - of the same 
group also yield potent anti-Rh sera. Such sera can be prepared 
in rabbits, or more easily in guinea-pigs, by immunising them 
with rhesus crythro^es. It would appear that anti-Rh iysins' 
are also formed, but for some unexplained reasons these act only 
in vivo and not in vitro. Serum from'any source'imay be used 
for grouping, but the major ag^utinins, if present, should .be 
removed by the agency of A and B substances, ; Human sera 
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should be inactivated at 56' C. for 10-20 minnles; otherwise 
reactions may be suppressed. Compared to the reactions which 
eterminc the major blood groups, the Rh agglutination reactions 
are feebler. The test is best carried out in short narrow tubes; 
as it gives fat more accurate resulu than the slide method. It 
Js usually done at 32' C. and the results are read after about 
an hour both macroscopicaljy and mktoscopicaUy. Rh aggluti- 
nins deteriorate rapidly; they also decline soon in the body. 
Reports about their occurrence in the general body fluids and 
tissue cells are conflicting. 

The practical importance of the Rh factor, apart from its 
acadenub interest, was demonstrated airoost immediately after 
its discovery. Its role in the causation of erythroblastosis 
foetaiis has been generally accepted now. Though its antigtaie 
potency is of a lower order than that of the major group 
substances, nevertheless, it stimulates the production of specific 
agglutinins in the Rh-negative individual. The Rh guality is 
inherited according to strict genetic laws. An Rh-negative 
■woman mated with an Rh-positive husband may have an Rb- 
positive foetus (heterospccifie pregnancy). The Rh property 
develops early in life. If through any flaws in the placenta the 
foetai erythrocytes gain entrance into the maternal blood stream, 
anti-Rh agglutinins are incited in the maternal tissues and 
discharged into the circulation. They ate transmitted across the 
placenta to the foetal circulation in large concentration, probably a 
few days prior to parturition, or, after birth they are absorbed from 

consequent anaemia and jaunuice, iw* — -:-■,. t 

crythroblastosis foetahs or the haemolytic disease of the neWbom. 

The discovery of the Rh factor is also of considerable practical 
significance in transfusion. Severe reactions that occur occa- 
sionally after transfusions of homologous blood are some of them 
due to the introduction of Rh cells into the Rh-negative reci. 
pients. Such reactions are mote common after, repealed trans- 
fusions or after a first ttaosfusion after labour or still birth. 

The Rh factor begins to appear early in foetal life and is 
fully developed at birth, after which it remains constant. It has noi 
Telaiion ' *' 

them. - ■ ■ ' 
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bolh sexes. According to Landsteioer and Wiener, it is inherited as 
a Mendeliaa dominant through a pair of allelic genes, Rh and rh. ■ 

Subsequent work shows that the Rh factor is not a single 
simple antigen; it represents a group. With the aid of sera 
containing anti*Rh agglutinins, three well defined types of agglu- 
tinable factors, Rbi, Rbj, Rh^a (Rh|, Rht), have been recognised. 
TTiese factors occur in the blood cells cither singly or in combi- 
nation, making up at least five different antigenic complexes. 
Possibly there are others also. By means of the three types of 
nnti-Rh sera, human beings can be divided into eight Rh groups 
including the Rh-negative type. , Analogous to the Rh factors 
but qualitatively different from them is yet another antigen 
called the Hr factor. The corresponding agglutinin is in its 
activity the reciprocal of the standard anti-Rh agglutinin. 

Bacterlolysins and Bacteriocidins. These are antibacterial 
antibodies developed in the course of both infection and immu- 
nisation. Acting on certain bacteria they cause lysis or dissolution 
when they are referred to as baeteriolysins. On others their 
effect is simple killing, unassodated with gross degenerative 
changes, in such cases they are referred to as bacteriocidins. As 
lysis obviously implies death, we are dealing with destructive 
^ect in either case and in practice no differentiation is necessary 
between the two, 

Early investigations revealed that fresh defibrinated blood 
of animals possessed lytic properties. Subsequently it was shown 
that fresh scrum retained this property, signifying that the lytic 
action was not due to any cellular activity. Sera obtamed-from 
different animal species were found to differ widely m their lytic 
action towards the same species of bacteria; also, the blood or 
serum derived from the same animal source was not found equally 
lytic to different speaes of bacteria. The discovery was then 
made that the lyric effect was destroyed by heat at 56° C. for 
thirty minutes, suggesting that it was dependent on some labile 
factor naturally present in the serum. This labile factor was 
called alexin by Buchner and later complement by Ehrhch. Later 
it was shown that not only bacteria but also erythrocytes were 
susceptible to the lytic action of normal serum. Lysis in all such 
casK was found to occur onfy in low titre.' 

Antibacterial substances are provoked by bacteria in a specific 
manner and are present in the scrum. Such sera arc called 



286 


A TEXTBOOK OF BACTERIOLOGY 


especmHv f Acids and alkalies, 

f^mw- rcadily destroy them. Lysfes wifctaad (be 

’“E P'rio'Js- B™S 

“ “e’’ ‘^'Eree of specificity. Their 
activ. y ts also dependent on complement. For fuller information 
rcicr to the section on antibodies. 


. 1 , Ac interaction of three componcntsi 

the cellular antigen, immune body and complement. The lytic 
antibody contained in the immune scrum specifically sensidses 
the cellular antigen when the resulting complex absorbs or fixes 
the complement, the second part of the reaction being non- 
specific in that the compfement may be fixed by any sensitised 
antigen. The specific antigen-antibody union may take place 
even at O'* C. but more rapidly at 37“ C. To a certain extent 
this union is reversible. The union of complement, on the other 
hand, does not occur at 0“ C. but does so readily at 37“ C.; unlike 
the specific antigen-antibody union, it is firm. No visible changes 
arc produced indicative of the antigen-antibody union, but 
absorption of complement by the sensitised cells results in their 
lysis which is observable. The order of union between the 
interacting reagents is obviously important; only after the combi- 
nation of immune body with the corresponding antigen does 
fixation of complement occur. Further, complement cannot 


TABLE VI 


1. Red cell suspension -i- immune serum .. no action 

2. Red cell suspension complement . . . . no action 

3 Red cell suspension + immune serum + comple- . 

- ment haraoysis 

4; Deposit from I -f complement . . • . haemolysis 

5. Supernatant from 1 + cells -i- complement . . no action 

6. Deposit from 2 + immune serum .. .. no action - 

7. Supernatant from 2 + cells + immune serum . . haemolysis 


combine with the antigen or the antibody independently of the 
other, hut union between the last two will occur irrespcctiyc 
of the presence or absence of complement. This can also be 
demonstrated in the folloiving way: mix all the three components 
in the proper proportion at O’ C. At this temperature, the 
soecific combination of antigen and . antibody docs occur bu 
not the compleincnt absorption. Centrifuge the mature, resuspend 
the ceUnlar sediment in physiological salt solution and add fresh 
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complement when haemolysis occurs at 37” C. The supernatant 
fluid wll show the complement. 

^!^:^^echanism of Lysis. Ehrlich postulated that the mechanism 
of union is a linkage through chemical groups held by the 
immune body. Complement, according to him, is not directly 
attached to the cell but only indirectly through the intervention 
of the immune body which holds, as it were, the antigen on the 
one hand and complement on the other. In order to convey the 
idea that this type of antibody possessed two combining bonds, 
he coined the term amboceptor (twin-receptor) (p. 246). Opposing 
this view, sJJtjrdet enunciated that the whole mechanism of 
reaction is of the nature of a specific adsorption m which the 
cell antigen is primarily sensitised by the immune body in 
a specific manner and is rendered susceptible to the lytic action 
of the complement (p. 250). He called the lytic body sensiliser. 
Available evidence supports Bordet’s theory. An interesting 
observation in this connection is that colloidal silicic acid may act 
as sensitising agent in place of haemolysin. 

V^'pie'Nelsser-Wechsbcrg Phenomenon (Complement Deviation).* 
These workers observed that when immune serum, antigen and 
complement tvere mixed, interaction occurred only when the 
amount of immune serum bore a certain definite proportion to 
the complement. In those tubes containing larger amounts of 
immune scrum beyond optimal proportion, lysis did not occur. 
This inhibition of lysis was explained by postulating that in the 
presence of an excess of amboceptor the complement behaved 
unusually by combining directly with the free or excess ambo- 
ceptor in preference to the sensitised cells. The complement 
was thus deviated from the antigen-antibody complex. But the 
real explanation is obscure. It may be similar to what is 
observed in precipitation and agglutination reactions, where there 
is a failure of antigen-antibody union in the presence of an 
excess^of antigen or antibody. 

■^^^Watural Lysins. Several types of natural lysins may occur in 
the blood of man. Their genesis and purpose are both^ obscure. 
They may be lytic to the red cells of individuals of other species 
(heterophile hacmolysins or heterolysins) or to various bacteria. 
Human serum shows lytic activity to the erythrocytes of sheep, 
rabbits, guinea-pigs and certain other animals. The anti-sheep, 
lysin, and agglutinin which is co-existent with it, may increase 
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in scrum sickness and acute infectious mononucleosis. Isohaemo- 
lysins arc natural lysins found in association with isoagglutinics, 
which arc lytic to the cells of the same species ( p. 27.4L Autolysins 
ore haemolysins developed in an individual "aiEinst his own 
erythrocytes, for example in paroxysmal haemoglobinuria, syphi- 
litic hepatic cirrhosis, trypanosomiasis and others. All the above 
mentioned lysins dissolve the erythrocytes in conjunction wtb 
complement and they arc, obwously, special types of cytolysins. 
Then, there arc the bacterial haemolysins whose action is inde- 
pendent of complement. How snake venom disintegrates the red 
cells is not definitely known. The action of water and other 


chemicals is purely physical. 

Complement. Complement is a thermolabile non-sp^fic 
substance normally present in the blood of all animals inclu ing 
man. It is not increased by immunisation. It has the property 
of combining with any sensitised antigen and is most probawy 
responsible for the end result of lysis. The proof of the combi- 
nation is provided by the ensuing lysis. Per contra, the 
. or absence of complement can be demonstrated by the 
any antigen-antibody complex that can fix 
easily it is done with sensitised cells. The union of 
with the sensitised antigen is hnn dtxi.lit* 

Although complement is present m oU animals an 
quantitative and qualitative variations 
diiTerent species. Even among amroais o 
tuation in the complement titre is com ’ Ajg-erjnt times 

aerum of the same individual vanarions oc^r a d ffetenU^ 
of the day. But the gmnea-pig s Wood contains r 

a high concentration but Breat con^tan^ as w J] » _ 

it is the usual source of complement, formal sera o 
pigs may, however, exhibit complcment-fixalion 

of this that pooled sera am W -J specificity and 

test. Complement wH by complement from different 

lysis is brought about equally well uy aiiuv 

animal species. is obscure, Disintegra- 

Tht origin or sour« of source. There is 

ting leucocytes have it is a definite chemical entity 

overwhelming evidence o show t 

and not merely a J is intimately associated ntlh 

is likewise unknown, t-omp 
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the geru pi-protdns. It is destroyed by trypsin and it has antigenic 
property. These have led to the belief that complement itself 
might be protein in nature. It must be mentioned here that the 
assodation of complement wUh globulins and albumins has been 
recently questioned (vide in/ro). More mysterious is its intimate 
mechanism of action. It is not analogous to ferment action as 
a fixed quantity of complement can act only once; its action 
also depends greatly on its concentration as v,tU as its absolute 
amount. Evidence of its identity with opsonin is conflicting 
and these two actions do not always run parallel (vide infra). 

In the earlier sections, we have seen various immunological 
reactions in which complement is involved. This naturally raises 
the question whether there are many bnds of complement or 
only one. There is no evidence to support the former suggestion; 
the complement concerned in haemolysis appears to be the same 
as that concerned in bacterial lysis. 

The instability of complement against heat has been referred 
to above; violent shaking also inactivates it. But in both cases 
complete destruction does not happen and on standing some 
activity is regained. Compelment deteriorates rapidly at ordinary 
temperature (in two or three hours) but resists cold fairly long; 
hence it can be preserved in the frozen state for several days. 
It is irretrievably destroyed by acids and alkalies, more easily 
by the former. Complement activity is suppressed in hypertonic 
salt solution, but it is restored on reducing the dilution to 
normality. A method of preserving complement is to raise the 
salt concentration to 5-10 per cent, and to keep it in the ice 
chest. Even after several weeks, the potency is restored 
unimpaired on dilution with distilled water. 

The fixability of complement is the highest in the freshly 
separated serum. After standing for sometime, it becomes 
somewhat diminished but stable in its titre. But owing to the 
rapid deterioration of complement at room temperature, more 
rapid in the hot countries, H should be used not long after the 
withdrawal of blood, unless it has been kept in the cold storage. 
The titration of complement Is mentioned along with that of 
haemolysin. . / 

Complement is not a simple, single substance. Guinea-pig’s 
complement has been split up into a number of fractions: the 
mid-piece, end-piece, third and fourth components. The former 
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Tjv.t <*>ssociated when globulin is precipitated from solution. 
IVetther the supernatant fluid containing the albumin nor the 
Elobulin, resuspended in isotonic salt solution, cihihits any 
complement action. But when they are recombined, the activity 
IS restored. The fraction attached to the globulin is called the 
iniU'piece and what /emains in soJvtwn, probably attached to the 
albumin, is called the end-piece. Each acts only in the presence 
of the other. Mid-piece directly combines with the sensitised • 
cells, although no lysis follows. The end-piece cannot combine 
directly with the antigen and antibody; only through the mid- 
piece can it unite with the sensitised antigen and when so bound 
it produces lysis. Thus, it is the mid-piece that is mainly 
concerned in the actual complement fixation. Both pieces arc 
thermolabile, being destroyed at 56‘’C, The third component 
is inactivated by yeast and also by cobra venom. It is attached 
both to the mid- and end-pieces, but most to the former. Jt is 
beat resistant. The absence of complement activity of some 
guinea-pig sera is due to the absence of the third component 
and such sera can be rendered active by the addition of fresb 
serum from certain animals. Hiis indicates a qualitative d/fference 
in the complement action of different species. The fourth compo- 
nent is inactivated by dilute ammonia or viper venom; shaking 
with chloroform or ether has the same effect. It is affo heat stable. 
Yeast does not absorb it. Though essential For lysis, its absence 
from fresh serum does not interfere with its opsonic activity, 
suggesting that complement and opsonin differ at /east in same 
points. 

The complement content of blood is the lowest shortly after 
birth and increases markedly during the first three months of life. 
Human complement has likewise four components in its consti- 
tution. The cerebrospinal fluid contains only the mjd-piwe. 

Wide fluctuations have been reported in the complement titm 
of blood in disease. Ifl every case-of scrum reaction in whicb 
complement is involved, the scrum under test should be inacu- 
vated so that the complement contained in it may not interfere 
with the test. 

Vferoplemcnt-Fucation Test or Bordef-Cengoo Reaction 

•'»—*-~-<*csses the property 
in a.s%ht_degrw. 

But when j hey unite, the 
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la any immunity reactida involviog complement, the specific 
combination of antigen and antibody should precede the fixation 
of complement. This sequence is'essential, no fixation of comple- 
ment taking place without this pnor union of antigen and 
antibody. Though the first part of the reaction is specific, the 
subsequent absorption of complement is non-specific. 

Tbe fixation of complement is a general property of the sensi- 
tised antigen. Not only cells but also non-cellular antigens, like 
egg albumin and horse serum, may absorb complement in the 
presence of the homologous sera. In the case of cellular antigens 
the interaction may or may not l»d to lysis»- Where lysis does 
not occur and'vdiere the antigen is non-cellular, there are ilo 
obsefVable changes indicative of the antigen-antibody union and 
subsequent fixation of complement. This difficulty was s6Ived 
by Bordet and Gengou by employing' sensitised red cells as an 
indicator of the absorption of compicmenf by' the antigen- 
antibody complex. In other words, they employed the sensitised 
cell for the detection of free complement in a reacting system. 
Its advantage, that it gives a naked eye proof of lysis, is obvjous. 
Thus was evolved the complement-fixation test. The antibody, 
when functioning in this way, is sometimes referred to as t^e 
complement-fixing antibody. It is erroneous to apply the term 
complement-deviation test to this reaction (p. 287). The same 
haemolytic system was given to the specifically sensitised erythro- 
cytes (i.e. the indicator system) and it may be noted that this 
system is but another complement-fixing system. The haemolytic 
system usually employed consists of sheep's cells treated with anti- 
sheep baemolysin prepared from rabbits. The guinea-pig is the 
source of complement. The following table illustrates the reaction: 

table vn 

(Plague bacilli -{- inactivated si^'fic scrum) 

-b complement -f haemolytic system . . no lysis = positive 
(Plague bacilli -f inactivated normal serum) 

-t- complement + haemolytic system . . lysis = negative 

From what has been said above it should be clear that the fixa- 
tion of complement in a reacting system is a proof of the union 
of antigen and antibody and that no union will occur unless the 
antigen and antibody are homologous. Complement-fixation test. 
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therefore, can be utilised for the identification of a doubtful antieen 
oy using a known immune serum, or as a means of detecting an 
unknown antibody by using a known antigen. Practically, it is 
used f^or the differentiation of bacterial species or in the deter* 
iDination of proteins for mcdfco-kgal purposes, when the amount 
present is too small to be detected by the ordinary methods of 
prccipibtion. But more frequently than these, it is employed 
in the idcntihcation of antibodies and extensive clinical applica- 
tion of it is found in the diagnosis of syphilis; when applied 
in the diagnosis of syphilis it is known as the Wassermann .test. 
Other diseases in which the complement-fixation test is used for 
diagnosis arc yaws, gonorrhoea, tuberculosis and whooping cough; 
it is also uscfol in the metazoan infection — hydatid disease. 

In the complement-fixation test, if fixation has taken place, 
the subsequently added haemolytic system remains unaffected 
and the cells sediment in a few hours. On the other band, if fixa- 
tion has not occurred, complement is free and available for the 
haemolytic action with the result that Jaking (ly^is) follows, lea- 
ding to the conclusion that either the suspected antibody is absent 
from the serum under test or the antigen employed is not the 
one under search. The inhibition of lysis, therefore, signifies a 
positive reaction and lysis a negative reaction (Table VII). ItU 
important to bear in mind that the test has to be conducted on 
a strictly quantitative basis. For details refer to the Wasser- 
mann test. 

No more docs it seem necessary to continue the old belicC 
that a special type of antibody is involved in complemeol- 
fixation. Any antibody that can sensitise the corresponding anligen 
may cause the reaction (p. 244), In the Wassermann reaction, 
after mixing the Vipoidai antigen with the syphilitic serom, 
a drop examined under dark field illumination reveals the occur- 
rence of discernible precipitation. The absorption of syphilitic 
serum with the lipoidal antigen also removes the Qoccuiatiag 
capacity of the former. Further, specific precipitates in a 
precipitin reaction have the property of fixing complement, even 
when visible particulation has not taken place. The immune 
scrum employed in the precipitin test also exhibits complement- 
fixing property. Proof has thus been adduced to indicate that 

IlAiwe r f . . . _ . -• n e rtnU oniioen. 


nrecipitation and complement-fixation depend on a single antigen- 
jj Is probable that the - complement-fixing 


antibody reacuon. 
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capacity is most pronounced in the early stage of precipitation 
when the anligen*antibody complex presents a maximum surface 
for adsorption. 

Other factors that influence complement-fixation are tempe- 
rature, pH and the turbidity of the antigen emulsion. The order 
in which the reagents are added may likewise have some signi- 
ficance. An optimum ratio between antigen and antibody is 
necessary for reaction; excess of cither may cause prozone 
phenomenon. 

t l?;j^i<jn-speciflc Fixation of Complement: Anticomplementary 
Reaction. Although antigen or antibody cannot ordinarily fix 
complement independently of the other, each may separately 
absorb it m low dilutions. It is then said to be anticomplementary. 
Similarly, several non-specific factors may interfere with the 
fixation of complement and produce anticomplcmcntary effect. 
Thus, many tissue cells and the stromata of haemolysed erythro- 
cytes have been found to be complemcnt-fixmg without any 
preliminary sensitisation; so also yeast cells and many bacteria. 
It IS for this reason that in fixation tests, bacterial extracts are to 
be used in preference to bacterial suspension. Again, normal sera 
of man and various animals contain natural lysins and exhibit 
anti-complementary activities; they may also develop such activities 
by a few days preservation at room temperature but very slowly in 
the ice chest. The anticomplemcnlary effect is readily destroyed 
in human serum by heating at 56” C. for thirty minutes, but it is 
partially stable at this temperature in the case of animal sera. 

Haemolytic sera are usually prepared from rabbits by injecting 
them with graded doses of erythrocytes. The serum collected is 
mixed with an antiseptic preservative, like phenol or glycerine, 
titrated and stored in the refrigerator. Under such conditions. 
It keeps over long periods with httle deterioration. High dilutioa 
of the haemolytic scrum in the octual reaction makes negligible 
its natural complement which will also be destroyed by prolonged 
storage and by the antiseptic preservative. In order to make 
this sure, the sera may be heated at 56® C. for thirty minutes- 
before standardisation. 

Titration of Haemolysin. TTiree variables are involved in this 
reaction as against two in (he precipitation and agglutination 
phenomena. In titration experiments, the red cells are always kept 
constant, using a convenient volume, such as 0-5 ml., of a 5 per 
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rant. suspensiM, Comp}ete haemolysis in a definite time under 
jpecified conditions is taken ns the end point. WBcn tht 
naemolysin is to be titrated, complement is also kept constant 
and vice versa. A quantitative relationship exists between the 
Memolysm and the complement necessary for complete lysis. 
Ine amount of haemolysin required for complete action varies 
inversely with the amount of complement. But this is true only 
up to a point beyond which, however much we may increase the 
dose of complement, a certain minimum amount of haemolysia 
is required to complete the reaction; the opposite also is true. 
Hence, the minimum haemolytic dose (M.H.D.) of haemolysia 
or complement is the minimum dose that will cause complete 
lysis of an arbitrarily selected amount of red cells, in the 
presence of an excess of the other, in one hour at 37" C. In actual 
practice, however, complemeDt and haemoiysin arc usually 
employed in doses of 3 to S M.H.D. 

PbagocytosiSf Opsooias and Sacteriotropm. Phagocytosis is 
the ingestion of materials by living cells. Dead or Jiving bacteria, 
other cells, particles of food or other substances may all be 
ingested. An example of phagocytosis in general biology is the 
ingestion of food particles by the amoeba. The devoured element 
may not always undergo intracellular death and destruction, 
although that is obviously the purpose of ingestion. PhagoQftosis 
is a general biological attribute of the living cell and in the higher 
forms of life consititutes an important mechanism of defence 
against bacterial infection. 

The conception of phagocytosis as a possible mode of 
defence against iafection bad been foreshadowed by early workers. 

But it was the fundamental observations of MetchnikoS^ on the 
ingestion of bacteria by living cells that laid the foundation of 
our present knowledge of the subject. From his own observa- 
tions, Metchnikoff concluded that phagocytosis was the chief 
factor of the defence mechanism against bacterial invasion and 
that all other factors were only secondary, and ultimately traceable, 
to the phagocytes. This, in the light of later wrk, proved untenable 
and it is now an established fact that phagocytosis does sot 
occur independently of buraoral factors. 

Pbaeocytic Cells. Metchnikoff divided (he phagocytic cells 
the body into micropbages and macrophages, the fonner 
^presented by the neutrophiles and the latter composing all the 
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rest, such as the large mononuclear cells, the wandenng tissue 
cells (clasmatocytes or motile histioc^es) and the fixed tissue 
cells. From more recent studies, it would appear that thfr 
cosinophiles and probably the basophiles are also phagocytic, 
though not so active as the neutrophiles. Therefore, all the 
granulocytes are now included under the microphages. The field- 
of the macrophage system has also been further extended since 
the days of Metchnikoff. A variety of cells distributed throughout 
the body are apparently potential phagocytes and may be stimu- 
lated into phagocytic activity under certain conditions. But 
certain groups of these have been found to be particularly active 
and are classed under the modem term of reticulo-endotheliaT 
system', they include the fixed endothelial cells of the blood and 
lymph sinuses, mobile histiocytes of the connective tissue, septal 
cells of the lung, pulp cells of the spleen, the monocytes of 
the blood and the reticular cells of the spleen and lymphatic 
glands; the last mentioned cells are the least active. All these 
are believed to be mesodermal m origin. 

The Phenomenon of Phagocytosis. The phenomenon of phago- 
cytosis can be easily demonstrated both by test tube experiments 
and in the animal body. But more precise information can be 
obtained by the former than the latter method; in the animal 
body the conditions governing phagocytosis are far more compli- 
cated and far less amenable to control than in the test tube. 
Leucocytes are the most widely employed cells for in vitro 
experiments as they arc easy to obtain. If suspensions of leuco- 
cytes and bacteria are mixed together with some fresh normal 
scrum and incubated for a time, microscopic examination of the 
mixture will reveal that most of the leucocytes have ingested 
bacteria. From this numerical values indicating the opsonic 
capacity of the particular leucocytes can be calculated. 

The opsoaising capacity of the leucocytes has been found 
to fluctuate in certain infections and it used to be estimated 
as a measure of resistance. It is seldom used now. For, the 
process of intracellular ingestion involves a number of variable 
factors and, though it can be readily demonstrated, its quanti- 
tative estimation is by no means simple nor the results obtained 
always reliable and accurate. 

Many methods have been devised in the study of phagocytosis 
in the animal body. One of these consists of injecting bacteria 
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KUmatiog the rate at which they disappear 
*’>' periodic bleeding after 
definile quantities of blood by the plate 
method This is frequently employed in the study of organisms 
not readily susceptible to the lytic action of antibodies, such as 
tile staphylococcus, streptococcus and pneumococcus. The results 

a^e checked by examlningstamedscctions of spleen^ bone marrow, 

lUng and liver for engulfed bacteria. Another method is by 
injecting the organise into the pleural or peritoneal cavify and 
collecting the exudate from time to lime by aspiration or after 
^ling the animal and examining suitably stained smears for • 
intracellular bacteria. The method of tissue culture has also 
been pressed into service for investigating the phagocytic property 
of different types of tissue cells. But it should be remembered 
that the behaviour of cells in tissue culture may not be strtefly 
analogous to what is obtained in the animal body. 

^ Opsonic Index. A standard suspension of the test orgamsm 
is mixed with equal quantities of normal serum and a standard 
suspension of washed leucocytes. The mixture is aspirated into 
capillary tubes and incubated at 37^ C. for fifteen minutes. Thus, 
a number of normal sera are separately put up. After iccubation, 
the contents of all the capillary tubes arc pooled together, 
smears arc made from it, stained appropriately and examined. 
Organisms are found to have been ingested by the neuttophiTcs 
in varying numbers. The number of intracellular bacteria is 
counted in an arbitrary number of leucocytes, usually 5<hlOQ; 
the average number of orgamsms pw leucocyte is called the 
phagocytic index. The same procedure is repeated but substi- 
tuting the patient's for the normal serum. The ratio of the 
phagocytic index of the test scrum to that of the normal serum 
is called the opsonic index. 

Great care should be bestowed upon the technique of tfie 
test. Incomplete mixing of the reagents will prevent the meeting 
of the leucocytes and bacteria. A uniform distribution of the 
leucocytes is particularly important. Prozone phenomenon may 
sometimes develop; hence, it is necessary to put op a series of 
ddutions. It is to be remembered that a young culture resists 
i^estlon more than an old one. Again, stock coitures are 
imsuitaWe as they are likely to be in the dissociative phase when 
they am more vulnerable than whin « the smooth virulent phase. , 
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In YTorking out the opsonic index of patients, some workers 
prefer to use the patient’s leucocytes and the infecting strain as 
the organism. All the above mentioned sources of inaccuracies 
render the conduct of the test difficult and even when great 
care is taken the cxpetimcntal error is very high. That is why 
the test is not of mu^ practical value. 

The complex phenomenon of phagocytosis has been exten- 
sively studied and some of the fundamental facts connected with 
it have been brought to light. It was Metchnikoflf who first’ 
showed that tiie presence of bacteria in a cell was not due to an 
invasion of the latter by the former, as was then believed, but- 
was the result of the cell actively ingesting the bacteria. 'Cells 
exhibiting such devouring capacity he named phagocytes. At 
first he believed that phagocytosis was purely a cellular process, 
but soon be discovered that the body fluids contained certain' 
substances that promoted phagocytosis and that in the absence 
of these leucocytes failed to ingest bacteria. Leucocytes washed 
free from all traces of serum were thereby practically deprived of 
tbejr power of phagocytosis. Hotmer. the addition of a small 
quantity of fresh normal serum was found to restore the lost 
property. From these observations Meichnikoff formulated that’ 
certain factors present in the Wood were necessary for phagocytosis 
but that they acted through the leucocytes and by stimulating' 
them. 

The exact role of serum in relation to phagocytosis was not, 
however, clear. Wright and Douglas confirmed the previous-, 
observations that certain scrum factors were essential for phago- 
cytosis and that without their intervention, ingestion of bacteria 
did not occur. Prior to them, the possibility that the action of- 
scrum might be on bactena had been suggested.by others. Bub 
it was Wnght and co-workers that demonstrated conclusively 
by adequate experimental data that the phagocytosis-promoting- 
factor in the normal serum acted not on the phagocytes, as-* 
propounded by Metchnikoff, but directly on the bacteria, render- 1 
ing them readily ingestible. Washed leucoig'tic suspension, when ' 
mixed with a culture of staphylococcus and incubated, was found* 
to be powerless to ingest the cocci.- But the addition ofi 
a small quantity of fresh serum was found to enable the leucocytes'- 
to engulf the organism. This proved the dependence of ieuco- ^ 
cytes on serum for their pbagoiO'tic function. The staphylococcus '• 
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scrum and incubated. After washing tbe 
organism well with isotonic salt soJulion to get rid of all traces 
• 'flashed leucocytic suspension and 

wcubated. /iigestion of the organism took place without any 
further addUicn of serum. From (his they concluded that the 
serum factor acted on the bacteria, preparing them for ingestion. 
Jo order to express this, they named the serum factor opsonin, 
Tneaaing / prepare food. Thus, the contention of Wetchnikoff that 
the serum factor acted through leucocytes was proved erroneous. 

Bacfeiiotropins. At the same time Neufeld and Rimpau 
•showed that active immunisation increased the opsonic activity 
•of serum and named the responsible factor contained in the 
serum tacterioiropms. Due to the functional similarity 
"With the normal opsonin, it is also referred to as the immune 
opsooin. In fact, some workers consider that there is very little 
'difference between the natural opsonins and hacleriotropins and 
they use these terms interchangeably. Bacteriotropin is far moit 
active than the natural opsonin. UnJDce the normal opsown, 
^lactetiotropins are relatively thermostable and imtounc serum 
■when heated to a temperature of 56®-60* C. for thirty minutes 
■does not lose its opsonic activity. Likewise, it differs from tht 
normal opsonin in that it is specific, acting only against the parti* 
•cular organism employed for immunisauon and not against othw. 
Bacteriotropin appears to be analogous in its action to pxccipvthv 
And agglutinin, sensitising the bacteria, probably by fonniog 
A surface coating on the bacterial cell and reducing the surface 
tension, as a preparatory step to phagocytosis. 

V uA^psonins. Opsonins are normal constituents of blood wluch 
sensitise Dacten’a and render them vulnerable to phagocytosis. 
Their exact mode of actioo is not Icnown; probably th^ fonn 
.a surface deposit on the bacterial cell and lower its surface 
tension, rendering it easily ingesliWe. They ate heat labife being 
tdestroyed at d6‘’-'60'* C. in ten mimites. At ordinary temperature, 
the Opsonic activity of normal scrum rapidly declines. Exposure 
to light likewise results in the extinction of this property. 
■Opsonins are relatively non-specific, acting on a variety of or^* 
nisms. The opsonic power of a normal scrum varies widely towards 
.different species of bactena; couvetscly, the same bacterial species 
.exhibits wde variations in its susceptibility to normal sera 
-derived from different individuals. ^ 
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The exact nature of opsonin is uncertain. Some identify it 
with the complement, while others maintain that it is a distinct 
entity, ’While there are certain similarities between them, like 
non*spccificity and lability, there are also points of dissimilarity. 
The elimination of complement action docs not completely deplete 
a serum of all its opsonic potency. On the other hand, a selective 
absorption of opsonin is possible from fresh normal scrum, at 
least in some cases, without interfering with its haemolytic 
property. Again, dilute ammonia deprives normal serum of its 
complement activity but does not abolish its opsonic power. There 
is also suggestive evidence that the opsonising power of^normal 
serum may be due to the presence of two factors, a thermostable 
substance resembling tropins and a thermolabile substance resem* 
bling complement. While the first can act by itself, the second 
cannot, though it does enhance markedly the action of the other. 

Other Iflfluenciog Factors. Certain chemical and physical 
factors influence phagocytosis. The optimum temperature for 
phagocytosis is the normal temperature of the species concerned; 
for man it is iV C. Irradiation with ultraviolet rays or X rays 
does not seem to improve appreciably the activity of th; pbago* 
cylic system of the body, as was once believed. If done ip excess, 
it has a depressant effect both on the phagocytes as well as ‘on 
the serum factor. A preUroinary exposure of bacteria, on* the 
other hand, makes them more vulnerable. Certain ions exert 
a marked influence on the ingestivc capacity of phagocytes. For 
example, citrate ions have a depressing effect and calcium 
a restoring effect. The use of citratcd blood is, therefore, 
contra-indicated m determining the opsonic index. The pH is 
another important factor. The optimum activity occurs at about 
neutrality, or slightly on the acid side; any departure from it has 
an inhibitory effect. It may be that any such deviation will 
injure the phagocytes or interfere with the action of opsonins. The 
hydrogen-ion concentration of the environment may also play 
a role in determining the type of cells migrating to an inflam- 
matory focus. Isotonicity of the medium is another necessary 
criterion. Phage degeneration of bacteria seems to render them 
more susceptible to phagocytosis. Bacteriophage is also said to 
exercise a stimulating influence on phagocytes. 

Marked fluctuations in the ingestive capacity of leucocytes 
are encountered in health and disease. The phagocytic power 
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of leucwytes j$ also not so marked at birth as in the adtxU. 
It IS said ttot Jt does not reach its maxiraum until about the age 
of three. The age of the leucocyte itself may not have any sign;- 
■ficant influence on its phagocytic power. 

The susceptibility of a bacterial species is profoundly influ- 
enced by its virulence and antigenic structure. The smooth viru- 
lent forms are not so readily ingested as the rough aviriilent ones. 
The capsukted organisms display a high degree of resistance to 
phagocytosis; in their non-capsulated state thQ^ are more 
vulnerable. In the case of the pneumococcus, for example, the 
■smooth capsulated forms arc highly resistant but not so the 
^tock Culture. Of considerable interest is the observation that 
the presence of the capsular substance markedly inhibits pbago- 
■cytosis even in the presence of the immune serum. Again, older 
•cultures and stock cultures are readily susceptible. It may be 
reminded that in all these cases the surface antigens arc con. 
iiderably altered, being replaced by less virulent or non-virulent' 
.antigens. The increased vulnerability of phage-afTected Mctena 
is also due to the same cause. 

The Fate of Ingested Bacteria. The ingested organisms are 
not invariably destroyed! Where destruction occurs, and it is 
«o in a large number of cases, the organisms show swelling, 
granulation and fragmentation in succession before the final 
intracellular disappearance. This di^siion of ingested bacleiia 
docs not appear to be a process of intracellular lysis brought 
About by an immune lysio and complement as was originally 
■suggested. 

The neutrophile leucocytes appear to be responsible for 
^iealing with organisms in localised infections and probably also 
for clearing the blood stream of the attacking bacteria. They 
are the first to appear at any site of infiaromation and so const!* 
tute the first line of defence. They display great activity and 
japidly engulf large numbers of tbe invading bacteria. Ingestion 
may occur whether the bacteria a« dead or alive. When tftey 
.are alive, ingestion may or may not result in their ultimate 
destruction. In many cases, it do« not; for example, 
tubercle bacilli are not destroyed; even organisms hfee the 
■staphylococcus and gonococcus, "ihkh arc more vuIncraWt, 
«wiin viable within the cell over Ions penods and may even 
ynultiply. The gonococcus has been shown to grow m i e 
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ingested cell. What is said regarding the fate of the ingested 
organisms in the leucocyte is also true of those ingested by the 
macrophages. For instance, engulfed lepra bacilli, rickettsia and 
some of the viruses remain apparently alive and even grow. 
Indeed, the possibility is there that in all cases, where death 
does not supervene, such bacicria-laden cells, when motile, may 
carry infection to other parts of the body and thereby prove 
harmful In their intracellular position these bacteria arc protected 
from the bactericidal and lytic factors of exudates and plasma. 

When final destruction is the sequela of phagocytosis, death 
of the organism is a necessary prelude to it. How this killing is 
brought about, is not quite clear. It is a well known fact that 
leucocytes contain a variety of bactericidal ferments. The term 
Jeukins has been applied to some of these; they are probably 
responsible for the death of the ingested parasite. They may 
also occur in normal blood and contribute to its bactericidal 
efiect. It is more than likely that leukms exert a selective action 
on different species of bacteria. Some bacteria are readily killed, 
-while others ate not equally susceptible to their action. How 
exactly dissolution occurs after death, is also a mystery. Probably, 
other intracellular enzymes may have a hand in it. Extracts 
capable of splitting proteins, carbohydrates and lipoids have been 
obtained from cells found m exudates. 

It was originally thought that microphages were the only 
active cells against bacterial invaders and that macrophages formed 
the scavenging system concerned with the disposal of dead tissue 
and debris. It has been indisputably proved both by in vivo and 
in vitro experiments that not only the granulocytes but also the 
macrophage cells arc actively phagocytic towards bacteria 
sensitised by normal or immune opsonin. In fact, there is over- 
whelming evidence indicating that the macrophages of the reticulo- 
endothelial system play a dominant role in dealing with the 
invading parasites and in determining recovery from infection. 

The Mechanism of Phagocytosis: Chemotaxis. The mecha- 
nism of phagocytosis is a complex one involving several factors 
concerning the phagocytic cells, the ingestible particles and the 
environment of ingestion. How the meeting of the phagocyte 
with the parasite is brought about and by what mechanism the 
former ingests the latter, arc two of the central problems of 
which our knowledge is still incomplete. That contact between 
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for parasite is an nssmlial prerequisite 

or rnfWtjoB, IS self-evideDt. How this contact is establishel has 
cen the snbj«t of much experimentai study and as the result 
ot It the mechamsm of chemotaxis, or chemical zttracihn, ijas 
been postulated as the agency through which contact is brousbt 
about. * 


Infection starts an ioflammatory reaction at the point of 
inva$ion ot an organism, characterised by increased capillary 
permeability, allowing the escape of Jencocy/es and fluids into the 
surrounding tissue spaces. Here the leucocytes move ahoat in 
virtue of their natural amoeboid movements. But the meeling 
of the cells with the bacteria is not a chance occurrence. 
During infection some of the invading bacteria and some host 
cells die. Certain chemical substances emanating from the dead 
and living bacteria and disiategraiing cells diffuse into the 
surrounding area, and on reaching the phagocytic cells bring about 
aUerations in the surface forces of these cells; such alleratjoss 


tend to direct the flow of their protoplasm towards the point 
of origin of these chemical substances, that is, in the direction 
of the bacteria. This is what is called positive chemotaxis. The 
contact of jphagecytes with the organim h, therefore, the result 
of a selective movement conditioned by the environmental factors 
of the phagocytic cells, positive chemotwis appears to be 
a general attribute of all pathogenic organisms. It is true that 
all the components of chemotaxis have not been understood, 
but there is no doubt that Che chemical directive provided by the 
invading parasite is responsible, partly ot least, for the attraction 
of the leucocytes towards the point of infection. It U interesting 
to note that recently a nitrogenous substance, which enhances 
the capillary permcabiUty and exerts positive chemotaxis, has 
been isolated from sterile inflammatory exudates; it has been 
named kukotaxine. Such products as this, formed as the result 
of tissu^injirfyr^ay*explam the migration of leucocytes to foci 
of non*bacterial inflammation. There is also evidence suggesting 
that even the disintegration of leucocytes might provide t e 


chemotactic stimulus. 

The actual ingestioa Is also not a simple process. Haw g 
come to the neighbourhood of the foreign eleffltnt and estt- 
hlisbed contact with it, the phasoqrtic cell is again subject to tie 
itoulus of similar forces which cause ubtuges w its surface 
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tension at the point of contact, enabling it to engulf the foreign 
particle. Viscosity of the protoplasm of the ingesting cell and 
temperature are two other important influencing factors in the 
process of ingestion. On the other side are the bacteria prepared 
for ingestion. The immune opsonins, or in a less degree the 
normal opsonins, have sensitised the bacterial cell probably by 
adsorbing on the surface, lowering its surface tension and rende- 
ring it fit for ready ingestion. 

The foregoing hypothesis has not been accepted by all; it 
may not completely explain the mechanism of positive cbemo- 
taxis. There may be still other factors involved in this process, 
which at the moment we are unaware of. It is also highly 
probable that other factors, besides what have been already 
alluded to, are also vitally concerned with the whole phenomenon 
of phagocytosis. It is significant that an increased oxygen 
consumption has been observed to accompany phagocytic activity. 


chapter XIII 
HYPfiRSENSmVENESS 


^ Hyperscniitiveness is an abnormal s(afe of an Individml 
animal or man. characterised by an increased specific 'reaction 
capacity to a substance which produces little or no reaction in 
normal individuals of the same species. For example, the ingc- 
stion of egg white does not usually produce any untoward effect 
in man. But in a very small percentage of people it may pro- 
duce violent gastro-intestinal symptoms, severe urticaria, eczema 
or asthma every time they take 'egg. s/Hypersensitiveness is pro' 
duced in a variety of ways; and in certain types, represented by 
protein anaphylaxis, the production of antibodies and their partici- 
pation form the essential part of the anaphylactic phenomenon. In 
others no such changes are definitely iraceaWe; but, because of 
the similarity of features, the operation of a similar roachanism 
has been regarded as possible even in these reactions. 

Of all the specific changes occurring in living tissues from the 
impact of foreign antigenic substances, hypersensitiveness is the 
most delicate, expressing itself in a more delicate manner than all 
other conditions. The hypersensitive state, unlike immunity, 
reveals itself by an exaggerated reaction associated with chara- 
cteristic symptoms, often of a spectacular nature. 

The term hypetsensitiveness is employed in a general sense 
to embrace all types of exaggerated reactions, whether occurring 
naturally in man or induced artificially in animals. The term 
anaphylaxis is used to denote the tirjificial condition of hyper- 
sensitiveness itiduced m lower animah, in which an antigen' 
antibody mechanism is clearly demonstrable. The term allergy^ 
originally introduced by Von Pirquet to denote hypersensitive- 
ness in general, is reserved to cover all hypersensitive marulests- 
Oons occurring in man. Idiosyncracy and atopy are other terms 
used in human hypersensitiveness. The former is sometimes used 
' in drug hypersensttiveness and the latter to indicate those hyper. 
sensUive conditions in man which are definitely influenced by 
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genetic factors. There appears to be scant justification for this 
differentiation. The antigen responsible for the anaphylactic type 
of hypersusceptibility is called anaphylacfogen ; anaphylactin is the 
term applied to the corresponding antibody; allergen (atopen) 
and allergin (reagin) are the corresponding terms in allergy. 

Anaphflaxh 

The systematic study of the subject of anaphylaxis dates from 
1898 when Richet and Hcficourt, during their attempts to 
immunise dogs with toxins, found that these animals treated with 
cel serum, which is toxic in itself, were killed by a second dose of 
the same substance, too small to cause any serious reaction in 
normal untreated animals, Later Ricbet and Portier made 
similar observations on the same animal with a glycerine extract 
of the tentacles of Actlnaria, also a toxic substance. They found 
that dogs, which had been previously injected with minute doses 
of the extract, reacted violently and often died when bigger, but 
still sublethat, doses of the same material were injected intra* 
vetiously. Thus, instead of causing protection, they found 'that 
the initial injection produced the opposite effect. In order to 
express its antithesis to prophylaxis, they called (1902) thii 
phenomenon anaphylaxis, meaning without protection. 

Their observations opened up a new field of research and the 
problem was studied independently by many workers. But it was 
Otto’s experiments on guinea-pigs with horse serum, a non-toxic 
substance, that formed the basis of our present knowledge of the 
fundamental facts of protein sensitisation The phenomenon was 
later studied in various animal species, employing a variety of 
antigens, further widening the field of knowledge. These investi- 
gations have also proved invaluable, as most of what we know 
about human allergy is based on observations made on ana- 
phylaxis induced in lower animals. 

Active Sensitisation. In order to produce anaphylactic 
sensitiveness to a substance in a susceptible animal, a minute 
dose of it, called the sensittsmg dose, is injected into the animal. 
After a variable interval, called the incubation period, the animal 
develops hypersensitivity; it is then said to be anaphylactic. This 
can be demonstrated by injecting a second bigger dose of the 
same substance intravenously when the animal develops a chara- 
cteristic acute symptom complex, termed anaphylactic shock, and 
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stKComts (0 It. The second dose is variously known at 
ihe JMK. shock, ^ exciting or assault dose. For ^sample, O-l c.c, 
of horse serum is injected into a ^uinea-pi^. Nothing hsppas 
to the annual immediately, for horse serum is not of itself torie 
to these antniais. After a period of fourteen days, a second dose 
of ( c.c. IS given intravenously. In a few seconds or minutes 
the animal develops acute shock and dies. 

L-'T^he anaphylactic state can also be demonstrated by the 
Schultz-Daie Experiment. Strips of intestines or uterus from the 


sensitised guinea-pig js suspended in oj^genated Ringer’s soJoiion 
and the specific antigen, horse scrum, is added to the bath. The 
muscle strip undergoes spasmodic contraction, similar to that 
produced by histamine, which can be recorded with a kymo- 
graph. The tissue does not respond on a second addition of, 
torse serum, because it is descBsitised. Strips from a nim* 
sensitised animal do not exhibit any contraction. 

The Antigen. All substances arc not capable of acting as 
anaphylactic antigens. Only those which have the same nature 
as antigens in general are able to produce the anaphylactic state 
tgs, they should be foreign proteins capable of inciting antibodies 
(p. 23I). The purer the protein, the smaller the dose required to 
seflSiUsc and the greater the thoroughness with which sensiiisa* 
lion can, be effected. Foreign sera and egg albumin are examples 
of efficient anaphylactogens. The proteins of bacteria and proto- 
zoa can also function as anaphylactic antigens. The sensitising 
property also depends upon the physical state of the antigen^ it 
should be such as to diffuse readily info the body Buids and 
quickly come ia. contact with the tissue cells. Denaturing of 
antigens by heat, chemicals or by other methods results in the 


loss of the sensitising quality. 

As in immunisation, the same animal can be rendered sensi- 
tive at one and the same time to a variety of antigens, TCacring 
specifically to each on subsequent injection. There may not be 
uniformly intense reactions to the several antigens. 

Partial antigens, or haptens, will not sensitise but ^y. 
nevertheless, induce shock in an ataphylaciic animal This, 
however is possible only with complex haptens, like the bacterial 
poIVMCCharidcs. Simple haploss ate imablt even to mdece 
^hflck* but when injected into the anaphylactic animal, they 
BAibit the production of sboek by tie fu« uni, Ten. lipoids end ^ 
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carbohydrates can be transformed into anaphylactogens by 
conjugation with proteins, and studies with such synthetic pro- 
teins have thrown a flood of light on many problems connected 
with human hypersensitiveness. 

Specificity. In all anaphylactic phenomena, as in the case 
of immunity reactions in genera}, a high degree of specificity 
relations prevail If, for example, horse serum is employed for 
sensitisation, no other antigen is capable of inducing shock except 
horse serum or an antigemcally related substance. In close 
analogy with immune antigens, specificity depends upon the 
chemical structure of the anaphylaclogen and not upon its 
biological source. But, as the same biological species practically 
always exhibit identical chemical make-up, chemical and biological 
specificities largely overlap. 

Sensitising Dose. As a rule, the sensitising dose should be 
very small, only Just enough to incite antibody formation and not 
such as to cause the presence of a large concentration of anti* 
bodies in the blood. In fact, the success of the reaction depends 
upon the absence of an appreciable amount of circulating anti* 
bodies; if they are present in adequate amounts, they will engage 
the antigen before it can reach the cells and thereby prevent the 
production of shock. The quantity of antigen required to sensitise 
also depends upon the nature of the antigen, the animal species 
and the route of introduction. Very small doses given by the intra- 
venous route are enough to scnsrtise, whereas by any other route 
much larger doses arc necessary to produce the same effect. 

All animals are not prone to active or passive sensitisation. 
Guinea-pigs, rabbits and dogs can be readily rendered ana- 
phylactic. Cats, rats and mice are difiicult to sensitise, while 
monkeys are extremely refractory. The symptoms of ana- 
phylactic shock vary markedly in different species but arc 
remarkably identical in members of the same species, irrespective 
of the type of antigen employed. For example, horse serum 
produces in all guinea-pigs the same symptom complex and 
pathology ; so also egg albumin or any other antigen. But the 
symptoms produced by horse serum or egg white in rabbits arc 
quite different. Notwithstanding these variations, the under- 
lying mechanism appears to be identical in all the species, and the 
divergencies can be satisfactorily explained by the peculiar histo- 
logy of each species. 
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«a i« My established. Tbe duration of this period depends 
jTw r?"' ‘h® '■‘’“‘s of injection and tie ope of 

of onlisen may prolonp the inenia- 
tron penod probabty by remaining longer in the blood and causing 
me ncufrafisation of the antibodies as soon as they are foraed, 
But wKhm limits, the sma«cr the dose, the longer the bcubatm 
pcnod» as It takes longer to generate sufficient antibodies. The 
latent period is slightly shorter after the intravenous route. 
Short as it is, it takes some time for the antigen to he absorbed 
into the circufation after the subcutaneous route. The incu’ 
bation period is also shorter for guinea-pigs than for dogs and 
rabbits. 

Duration. Once sensitised, the animal remains so during thft 
test of its life. Hypersensitivity may wane in course of time but 
never disappears entirely. It fades less slowly in guinea-pigs than 
in dogs and rabbits. 

Passive Anaphylaxis. As in immunity, the anaphylactic state 
can also be induced passively by the injection of the serum from 
an actively sensitised animal; it can also be done with unmune 
scrum. Tlte animal in this case is sensitised not as the result of 
any antigenic stimulus but in virtue of the antibodies transferred 
with the sensitising scrum; U$ tissues themselves have no part 
in the production of the sensitising antibody and the condition is 
created passively. However, after the sensitising dose a definite 
period should elapse before the hypersuscepuble state is established 
and during this period the antibodies would have practically dis- 
appeared from the blood. This has been taken to be a proof that 
the essenrial anaphylactic reaction is a cellular phenonienon and 
that the latent period is the time required for the ceils to fix the 
circulating antibody. The latent period may vary from 24-48 
hours, but it may be as low as four hours if the sensitising serum 
is given intravenously. The shock dose should, of course, consist 
of the sanoe antigen as employed in the active sens/f/sat/on, or 
immunisation, of the animal whneftom the sensMsing scrum ftt 
passive immunisation is taken. Sensitisation passively established 
disappears in three to four weeks. Hie offspring of an anaphy- 
lactic mottor ®aj’ oJso raet posiUvely for a short period after 
birth as the result of passive transfer of sensitireness. 
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Nature of Antibody. It is not doubted that anaphylaxis 
<}epcnds upon the presence of antibodies. But their exact nature 
is not clear. Some regard that precipitin is the antibody con- 
cerned. There is some evidence m support of it. Precipitating 
sera are usually sensitising and shock producing. But this 
evidence is weaicencd by the fact that sensitisation can be trans- 
ferrwi in the absence of dMnonstraWe precipitins jn (he plasma. 
To counter this it has been argued that its concentration in the 
plasma maj be too minute to be detected by the ordinary precipi- 
tation phenomenon and that ns presence can be revealed only 
by the anaphylactic reaction which, as we know now, is far more 
delicate than the former, It is also pointed out that only minute 
■doses are enough to cause scnsmsaijon Kurther, the absence of 
precipitin from the plasma in such cases li also erxplained by its 
<eU-^ed position. The problem is stUI not completely solved^ but 
there is no reason to believe that the anaphylactic antibodies are 
dilTefeni firom immune antibodies. The question whether they are 
identical or not with precipitms losesits impomnceif the Unitarian 
conception of annbodics is accepted (p. 243) 

The anaphylactic slate may be inherited. Intra- 
uterine sensitisation may occur in two ways, actively by antigen 
brought to the offspring through the materoal blood and passively 
by the passage of antibodies from the same source. Chifdren 
-of an anaphylactic mother may react positively for a short period 
after birth, about 8-10 weeks. 

Shock Dose. The shock dose should m all cases be consi- 
derably bigger than the sensitising dose. The best results are 
obtained by giving it directly into the arculatiou, as that would 
bring the injected antigen suddenly into contact with the sensi- 
tised tissues. Administered by any other method, absorption is 
slow and contact of the excitant with the sensitised cells is gradual, 
lessening the intensity of the reaction. Considerably larger 
amounts may, however, compel speedy absorption of the optimum 
dose necessary for the production of explosive reaction. 

Symptoms of Anaphylactic Shock. Anaphylactic shock varies 
widely in seventy. Acute reaction is most readily elicited in 
guinea-pigs sensitised with horse senitn. In a short periodt 
ranging from a few seconds to a few minutes after the assault 
dose, the animal develops a characteristic tram of symptoms, 
leading to death in severe esses. The animal at first becomes 
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o™ «>= icad and nect. bewws 
ufflcd I( rises on ils fund kgs, begins to sneeze and cough, and 
patv5 i!5 Jt may jump. Increased respiration js notictaWe. 
in mild cases the respiratory di/BcuJty passes off, and tiie anima? 
gradually recovers in the course of several hours. In severe cases 
the animal falls on its side. Muscular twitchings develop. 
”csp/rat/on becomes slow and shallow j the dyspnea is inspiratory. 
Cojivnlsions set in, the animal tries to sit up and run but falls 
down and breathing stops. 

Shock is accompanied by a number of secondary changes. 
There is a fall of blood pressure preceded by a temporary rise 
due to a prclimtoary vasoconstriction. There is also a fall of 
temperature, fall in the complement cojjteJit of Wood, lowered 
coagulability of blood, temporary Icucopcnia and eosinophilia. 
The post-mortem appearances arc likewise characicrisijV. Hypcf' 
inflation of the lungs is a marked feature due to the confinemeat 
of air in the alveoli by the severely constricted bronchisl tubes; 
they are pale and bloodless and do not collapse after opening 
into the pleura. Heart continues to beat for some time after 
breathing has stopped. Death is due to asphyxia. 

Rabbits cannot be so easily sensitised as guinea-pigs. Several 
doses have to be given before complete anaphylaxis can be esta- 
blished in them. On induction of shock, death may follow in a 
few seconds or few hours. It is due to acute heart failure and 
not due to suffocation as in the guinea-pig. On post mortem, 
instead of the extreme pulmonary distension found in guinea- 
pigs, there is severe dilatation of the right side of the heart from 
extreme narrowing of the pulmonary arteries. Respiratory move- 
ments may continue for a short period after the heart has stopped 


beating. . 

It is not easy to sensitise dogs and they also require several 
sensitising doses to create complete sensitisation. The liver is 
very much enlarged and congested due to narrowing and obstru- 
ction of the hepatic vein. Death is probably due to the fall of 
blood pressure consequent on splanchnic engorgement. 

Although the general symptomatology of anaphylactic shock 
'varies in different species of animals, there are, however, certain 
b«ic features common to nil specks. Such *0 vnsomoior 


changes consisting of a temporary initia! con«ricta 


by 


dilatation and fall of blood pressure, general irritabiJhy and 
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{spasmodic contraction of smooth muscles, marked drop in the 
coagulability of blood due to a fall in its fibrinogen content and 
leucopenia. Although oedema is a common feature in practically 
all local manifestations of hypcrspnsiliveness, as in the various 
cutaneous and other reactions,' it^is not so in anaphylactic 
ahock. 

It has been mentioned above that variation in symptoms and 
1heir underlying pathology observed in the three species of animals 
can be explained by the differences m their anatomical and histo- 
logical structures. In anaphylactic shock the smooth muscles of 
■the body undergo spasmodic contraction. They are particularly 
concentrated in the bronchial tubes of the guinea-pigs and their 
tetanic contraction eventually leads to pulmonary emphysema and 
asphyxia. In contrast to it, the bronchial musculatures of rabbits 
and dogs are poorly developed. On the other hand, the muscu- 
lature of the pulmonary artery of the rabbit is well developed 
4iad the extreme contraction of it leads to distension and failure 
of the right side of the heart, resulting in death. In the dog the 
hepatic vein is found to be considerably narrowed and the resul- 
ting obstruction is apparently the cause of acute congestion and 
enlargement of the liver, leading to a depression of the systemic 
blood pressure, too severe to be consistent with life. In this 
etiimal the smooth muscles of the hepatic vein are found to be 
well developed. 

The available evidence indicates that the contraction of the 
smooth muscles is the result of a local and direct stimulation by 
.some substance. If the nerve supply of the bronchial muscles 
is cut off or blocked, anaphylactic shock can still be induced. 

Desensitisation and Antl-Aoapfaylaxis. These terms are often 
used interchangeably. Strictly speaking, the term desensitisation 
•should be applied for any attempt to abolish an anaphylactic 
state already established and anti-anaphylaxis should be reserved 
for any interference with the process of sensitisation. 

Provided the second dose is given after the completion of 
the sensitising process, a characteristic anaphylactic shock, usually 
•ending fatally, can be readily elicited. If the second dose is given 
three days after the initial dose, it will only prolong the incubation 
period, but when given towards the late stage of the incubation 
period, that is 8-10 days after the first injection, the animal, as a 
mile, recovers following reactions of varying severity. In such 
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recovered animals il js'nol possible aftenvanJs (o s 


. lasis against the same antigen. 'Theyst77aidtTbTtSZ 
or anti-anaphylactic. ^ 


In order to desensii.se an mephyhelie animal, a series oi 
sublelha! or fractional doses of the specific antigen should be 
administered over long periods, avoiding at any lime too big a 
dose to cause explosive reaction. The desensitising iioscs may 
be given by any route, but the intravenous or the intracerebral 
route produces the eirect most promptly. The process of desensi- 
Ijsatioti is really one of causing a series of shocks, too trivial to 
cause much damage to the sensitised cells. Dcscnsitisaiion is 
attained probably through a process of fractional oeutralisalion 
of the cell-fixed antibody every time the specific antigen is injected, 
thereby causing the oltiraatc depletion of the former from the 
sensitised cells. The refrartorincss so produced is, however, 
only temporary, lasting for a few tveeks. A probable explanation 
of this is that the desensHtsiog doses may, besides Devtralhoig 
the antibody, also act as fresh stimuli for further sensifisalioa. 

Local Anaphylaxis or Ailhns Phenomenon^ This is a curious 
phenomenon observed In rabbits. When horse serum is repeatedly 
injected subcutaneously into them, at first little or no reaction 
Is provoked. But after a few injections, when the animal becomes 
increasingly immune, local reaction consisting of swelling and ' 
oedema begins to appear, increasing in intensity with every suc- 
cewive dose and finally giving rise to marked induration and 
necrosis. The reaction is nor necessarily confined to the site of 
the earlier injecfion or its immediate vipinity but can be didted 
at any site. It can alro be provoked on rabbits previously 
immunised with horse serum and showing a high content of the 
specific antibodies. The reaction is unaccompanied by any 
general distUTbance. This is an example of local anaphylaxis 
and is called the Arihus phenomenon, as he was the first to observe 
it Attempts to induce it in guinea-pigs and dogs have not 
succeeded. Desensitisation foils to abolish the local reaction and 
the difficulty of desensitising cafaneows aVergy in man is pro- 
bablv a resection of It. A human counterpart of the Arthus 
Phenomenon is sometimes found at the site of serum therapy or 
antirabic injection; indurated areas develop at the site after a 
w injections The phenomenon of Arthus has been invoked 
to expbta the acute manifestetiuus of rheumatic disorders. 
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Reversed anaphylaxis is the name applied to an interesting 
local reaction. It is elicited as follows: horse serum is first 
injected into the blood of a normal rabbit ; twcnty»four hours 
later anti-horse serum is injected subcutaneously, when an inflam- 
matory oedema develops at the site of injection. A control 
injection of normal horse serum docs not cause any reaction. 

Anaphylactoid Reactions. Symptoms closely simulating ana- 
phylactic shock are produced by the primary injection of various 
protein as well as non-protein substances, such as toxified serum, 
serum of certain animals, heterophile antiserum, peptone, hista- 
mine, arsenobenzene compounds, morphine, certain bacterial 
vaccines and others. Any of these substances injected intra- 
venously into the guinea-pig will give rise to symptoms with often 
striking similarity to those of anaphylactic shock. But there are 
also certain difTcrences; for example, the characteristic pulmonary 
changes of anaphylactic shock are absent. The term anaphylactoid 
reactions has been applied to them in order to express their close 
clinical similarity with true anaphylactic reactions. Administra- 
tion by the intravenous route is the best way of eliciting reaction. 
Phenomena sometimes referred to as nitritoid crises and haemo- 
elastic crises are also included in this category. In none of these 
cases are the reactions referable to any specific antigen-antibody 
mechanism. It is to be noted that some of these substances are 
non-protein in nature and are unable to produce either active 
or passive sensitisation or desensitisation. Colloidal nature is a 
property common to most of them. Of all substances, peptone and 
histamine evoke symptoms almost identical to those of anaphylactic 
shock. It is interesting and suggestive of some common factor 
in the production of anaphylactoid and anaphylactic reactions. 

Mechanism of Anaphylactic Reaction. The specific inte- 
raction between antigen and antibody i% believed to be the essential 
factor in the genesis of shock. Where this union occurs, what 
the immediate biological changes are and why it leads to the 
production ;of shock instead of neutralisation of the toxin and 
protection, are all matters which await final decision. 

The exact site, where the antigen-antibody reactions occur, 
is a matter of dispute. One view is that the anaphylactic reaction 
is a cellular phenomenon in which the antigen and antibody meet 
in or on the tissue cells and unite there. That a latent period is 
necessary to establish passive anaphylaxis after the sensitising 
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dose, seems to support this view. For, if the blood stream H'cre 
the site of union, one would expect the establishment of the hyper- 
sensitive state immediately the sensitising dose is injected when 
the concentration of antibody in the Wood is the highest and not 
after the antibody has practically disappeared from the blood. 
Schuitz-Daie experiments with the sensitised uterus, free from 
idl blood or tissue Bu'ids, pronde furiber proof of the tissue loca- 
tion of the antigen-antibody union. This is the cellular theory. 
An alternate theory is the humoral theory. According to this, 
the union of antigen and antibody tahes place in the blood stream 
or in the tissue fluids and a special toxin, called anaphyhtoxln, 
is formed from the disintegration ofthe antigen-antibody complex, 
probably under the influence of complement or some other factor. 
It is toxic and is responsible for the production of crisis. There 
is very little evidence in support of this theory and much against 
it. The immediate response of the isolated uterine strip tends to 
disprove any extra-cellular position for the combination of antigen 
and antibody. Further, it has been shown that the sensitive 
state persists and shock can be induced even after sensitised 
animus arc exsanguinated and remfused with blood from non- 
sensitised normal aoimais. This also does not harmonise with the 
humoral theory. 

The exact group of cells concerned with the anaphylactic 
phenomena has been suggested to be some component of the 
reticulo-cndoihelial system. There h some evidence indicating 
that the endothelial cells of the capillaries play a part in the 
mechanism of anaphylaxis ; there may be yet others. Wherever 
the initial reaction occurs, the final brunt of it seems to fall on 
the smooth musculature of the body; the primary union need 


not occur in this tissue. 

Different views have been advanced about the outcome of 
antigen-antibody union believed to be occurring in or on the cell. 
One is that the interaction leads to a profound disturbance in 
the colloidal state of the ccU and that the shock is the clinical 
expression of this disturbance. Another view is that the inte- 
raction inflicts severe injuiy to the sensitised cells, initiating certain 
chemical changes; as a result the injured cells release histamine 
or a histamine-like substance which, acting upon certain susceptible 
tissues, leads to the production of symptoms. The amount of 
histamine liberated depends upon the extent of Ussuc damage 
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and detennines the intensity of the shock. Thus, shock is a 
secondary histamine effect, a manifestation of auto-intoxi- 
cation. 

Histamine has powerful irritative properties on smooth 
muscle and on injection into animals reproduces faithfully the 
symptoms of anaphylactic shock. It is a decarbolised product of 
histidine. The latter is a constituent of all complete proteins and 
has been shown to be present normally in the various tissues of 
the body in varying concentrations. 

More recently, it has been shown that the blood of dogs and 
guinea-pigs removed during anaphylactic reactions exhibited 
histamine activity. Further, the tissues of anaphylactic guinea- 
pigs were found to release histamine on the addition of the specific 
antigen to the perfusion fluid. These, if corroborated, afford 
direct proof of the liberation of histamine during shock, at least 
under experimental conditions. 

The immediate cause of anaphylactoid reactions may be the 
same as that of anaphylactic reactions and the symptoms of the 
former may also be due to the action of histamine. If so, it is 
not clear what constitutes the cause of the primary cell injury as 
a result of which the liberation of the shock-producing substance 
occurs. It is not any antigen-antibody interaction; the under- 
lying mechanism remains obscure. 

Anaphylaxis is allied to immunity. In both there is the 
production of antibodies and their participation in the respective 
reactions in a specific manner. In anaphylaxis most of the anti- 
bodies arc deviated from the blood stream to be fixed by certain 
tissue cells, but in immunity they remain in circulation and. block 
the antigen from reaching the sensitised cells. At this point the 
divergency between the two conditions begins. The crux of the 
problem is, if the above theory is accepted, why such a disappear- 
ance of the antibodies should take place. It still remains a 
mystery. The theory has been advanced that whereas the basis 
of immunity is the antibody globulin produced by the cells and 
sent into circulation, that of anaphylaxis is the antibody protein 
produced by the cell but retained within it. Whether the anti- 
bodies are not deviated, as mentioned above, but produced and 
retained within those cells and whether they possess any specific 
affinity for those cells or vice versa, are all problems which remain 
at present at the level of speculation. From a practical point. 
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whereas the jmmumsed one a protective weapon. 

>' « not possible' to 
wndnct the risky anaphylactic experiments on haman beings, 
the type of acme anaphylactic shock indnccd in animals has not 
been observed to occur sponlanconsly in man, except very rarely 
as the result of serum injections. But such reactions do not have 
all the criteria of a true anaphylactic crisis, and it is doubtfal 
whether the latter term can be applied to them. 


Hyperscnsitireacss in Man or AHergy 

Allergy is an exaggcraled reaction capacity occuning sponta- 
neously in jnan and resembliog, in a general iiray, the anaphylactic 
state cxperiiuentaHy induced in lower animals. The results of 
investigations on the latter have shed considerable light on die 
former’s pathogenesis; and there is a good deal of evidence 
pointing to a common basis for these two types of hypersentt'- 
tiveness. 

Hyperscositiveness in man takes on a variety of cilnical 
forms; there arc many factors common to them all. like ana* 
phylaxis, allergy can be induced both aciirely and often passively. 
The reaction is specific in both i^nditions. In many cases of human 
hypersensitivity an antigen-antibody relationship can be demon- 
strated, Further, there is much simifan'ty in the clinical tcani- 
feststions of the Wo conditions. But there are also certain dis- 
similarities between them, making it necessary to deal with human 
hypersensitivity separately from the experimental anaphylaxis. 
Our knowledge about these conditions is stUl imperfect and as 
it becomes more and more complete, these differences may also 
be expected to vanish. It has been reported that such allergic 
phenomena like sneezing, asthma and eczema may nsturaiiy 
occur in lower animais; jt is important to pursue this line of 
search and extend our knowledge before we seek to establish 
any causal Identity between these and similar conditions occurring 


in man, , , 

In contrast to the artifieiafly/nduced anaphylaxis, sensibsanoa 
in allergy is a natural process, Thcfearealsofnfiniteposjibilities 
of sensitisation in human beings, both in utero and after birth. 
Not only proteins but also a vatiety of noa^proSew substances 
are found to act as allergens and evoke allergic response. Human 
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hypersensitivity is subject to genetic influences, which anaphy- 
laxis is not. Anaphylactic reaction is usually a general reaction, 
but allergic manifestations tend to be localised. While anaphy- 
lactic symptoms are usually referable to the same organs in all 
members of the same species, this constancy does not exist in 
the case of human hypersensjtivencss. The organs involved in 
the latter vary in different individuals ; even in the same indivi- 
dual different sites — respiratory, gasiro-intestinal and cutaneous — 
are affected by the same antigen. True, this is mainly due to the 
fact that spontaneous sensitisation may occur through any of 
these routes. Again, the immediate cause of the production of 
symptoms is very often oedema of the parts and not spasm of 
the smooth muscles. Further more, descnsitisation in allergy 
is far more difficult to achieve than in anaphylaxis. Alt the 
above divergencies may be mote apparent than real and many 
of them can be explained without difficulty. 

Heredity and Homan Hypersensltiveness. It is now all but 
established that hereditary factors (transmitted through chroxjio- 
somes) play an important part in human hypersensitivencss. 
Man is beset with unlimited opportunities for sensitisation, and 
yet only a small proportion develops sensitiveness. This, un- 
doubtedly, is due to the operation of hereditary influences in 
these few and the absence of it in the rest. Such influences 
tend to run in families, but parents and offspring may not 
exhibit hypersensitivity to the same substance. What is inhe- 
rited is not the actual hypersensitive state but a predisposition 
or tendency to get readily sensitised. On what exactly is this 
predisposition founded is obscure. Some hypothetical endo- 
crine, biochemical, nervous and other peculiarities have all 
been called in support to explain the nature of the consti- 
tutional abnormality of the predispored individual. In them the 
evidence of an unstable vasomotor mechanism may be apparent. 
Whether their predisposition is a general peculiarity of the 
entire organism or only certain sites and tissues are endowed 
with it, these serving as shock organs, is by no means clear. 
Whatever that be, on a back ground of genetic peculiarities the 
allergic state is readily implanted as a result of sensitising expo- 
sures to allergens and manifests itself by an excessive reaction 
when brought into contact with the specific allergen. The 
hereditary factor may develop in childhood or, what is more 
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common, may not appear for several years after birth. Jt may be 
unimportant difficult to demonstrate or absent in certain types 
ot aUergy. For instance, certain types of bacterial allcr^ may 
not have any genetic rebtionshipj at any rate, noce is traceable. 

under human allergy are included a variety of conditions 
such as asthma,^ bay fever, allergic rhinitis, eczema, urticaxiai 
contact dermatitis, serum and drag allergies, food and gastro- 
intestinal allergies and bacterial allergy. Excluding a few of 
these, like the last mentioned one, in which a hereditaiy taint is 
either absent or its presence difficult to establish, there is Ufl- 
doubtedly running through them all an undercurrent of genetic 
predisposition. In many of them, like asthma and hay fever, 
ft may be easier to demonstrate the influence of beiedilary 
factors ; the terra atopy is reserved by some to denote such condi- 
tions. Ko attempt is made here, and it does not seem very 
necessary for the present purpose, to draw any rigid distinction 
betj/cen atopy and other forms of fdiosyncracy. 

J Methods of Sensitisatioa. Sensitisation occurs spontaneously 
in^an. Opportunities for it may present themselves very fte- 
queatiy and in diverse ways; and man is constantly exposed to 
them. To (race the exact route, time or manner of sensitisation 
in every instance is a practical impossibility. But that does not 
invalidate the assumption that the 'various forms of hypersensi- 
tivity are essentially identical. The discrepandcs can be explained 
satisfactorily. Moreover, the argoroent that in many cases any 
hisloiy of previous sensitising exposure is lacking has been 
weakened by the newer knowledge about the distribution of 
common antigens (p. 232). However, in a large number of cases the 
possible methods of sensitisation are apparent and when reactions 
occur their relationship to prmnous specific exposures ran be 


sought out. . . , • 

Spontaneous sensitisation may occur ffirough fanaiatiora 
ingestion, skin contact or lojeciion. ta utero sensiti^tion of 
the offspring can take place with food substances, bacterial toxins 
and other allergeas, transmitted from parent to progeny across 
(be placenta. Passive sensirisalioii of foetus is possible and cases 

of it have been reported, 

Cotituct with Mirods faumting inhalation of danders, mhala- 
iion of polka, slccpins on feattat pfflow and worfans m feotoms 
sntScos lite iprrao. tneroay, arsenic -and others arc 
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manufactured, all these afford ample opportunities for repeated 
exposures and consequent sensitisation to occur through the 
respiratory route. Many workers have shown that ingested 
proteins may be absorbed unaltered from the intestines. Obvi- 
ously therefore, sensitisation with ingested food may be a common 
method; drugs ingested may also act in this way. The mystery 
surrounding the mechanism of sensitisation with drugs and other 
non-antigenic substances has been partly unravelled by the 
demonstration that such substances may unite within the body 
with proteins and form specific antigen complexes (p. 323). The 
repeated use of antiseptics, application of antiseptic remedies 
and drugs, insect bites, injection of serum or drugs are all 
frequent occurrences ; so also infection with bacteria and other 
plant and animal parasites. 

Motwithstanding such innumerable chances, only a small 
proportion of the exposed individuals develop sensitivity. Appa- 
rently, as alluded to above, their tissues are attuned to it as the 
result of some constitutional peculiarities. In them sensitisation 
may also be hastened and reactions undoubtedly precipitated 
by such non-specific influences like cold, excessive sweating, 
irritating fumes or dust and infectious diseases, like pertussis, 
pneumonia and influenza. 

Passive Transmission. The passive transmission of human 
hypersusceptibility has been shown to be possible. This strongly 
supports the view that the essential mechanisms of experimental 
anaphylaxis and natural hypersensUiveness arc identical. Trans- 
fer of the allergic condition to lower animals has not succeeded. 
This failure docs not constitute any valid evidence to disprove the 
possibility of passive transfer from man to man. It can well be 
that the animals sought to be sensitised are insusceptible to those 
substances that were employed to create active sensitisation in 
man ; these substances may not be fixed by the cells of the animals. 
On the other hand, there is some evidence to show that human 
allergy may be passively transmitted from man to man. 
Prausnitz-Kustner reaction is an example. The serum of a 
sensitised individual is injected intracutaneously into a normal 
person; 24-48 hours later, the specific incitant is injected into 
the same site as also into a normal adjacent area; in 10-15 
minutes, a well marked urticarial^ reaction develops at the sensi- 
tised site, but no effect is product on the control area, thereby 
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^ alleijic antibody or reagin in the serum of 
sensitised subjects. 

The sensitised individual spontaneously and specifically 
reacts on coming into contact with the allergic antigen. The 
allergy need not necessarily be proteins though many of them 
re, iflcir contact with the sensitised organ or tissues is brought 
»• waj^, the same as those subserving sensiiisa- 

uon. The clinicai maiii/estat/oiis depend upon where in the 
ody the sensitised tissues, shock organ, are Jocated and a?so 
upon the nature of the offending allergen. 

Different substances may give rise to the same symptom 
complex. For instance, egg white or shelJ fish gives rise to the 
same symptomatology. It is a well known clinical observation 
that the same allergen may give rise to more than one clinical 
manifestation. For example, pollen grains may cause either 
asthma or hay fever, affecting in the former the bronchial and 
in the latter the nasal mucosa. The symptomatology, therefore, 
differs in these conditions. Again, egg white may produce gastro- 
intestinal disturbances, urticaria or eczema, each with its peculiar 
site of affection and consequently differing symptomatology. 
One allergic manifestation in an individual may change into 
another. In the case of asthmatics, it is not uncommon to get 
a history of eczema at infancy or chUdhood. A mi$Ta.itt of early 
life may altogether disappear and give pJace to asthma at a more 
advanced age. When two conditions coexist in the same individual, 
for instance asthma and eczema, one of them remains entirely 
quiescent when the other is active. It should also be noted that 
the existence in a person of one type of allergy does not preclude 
the possibility of developing another type : the same individual may 
exhibit sensitiveness to more than one antigen at the same time. 

For example, asthmatics are easy victims to spasmodic rhinitis, 
horse serum allergy, food allergy, etc. or they may show sensitivity 
to drugs, like potassium iodidct or develop bacterial allergy. 

The presence of hypersensitivity can be demonstrated by 
the intradermal injection of allergcos or their extracts. A positive 
reaction is given by the appearance of a wheal and erythema- This 
furnishes a practical means of identifying the offending allergen, 
which enables steps to be taken for specific desensitisation. 

The Allergic Antibody: ^be exact nature ot the 

allergic antibody (reagin, ailcrgio) remains obscure. There » 
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no definite proof that it is dinerent from other types of antibodies. 
The failure to demonstrate precipitin in the serum of allergic 
subjects' has been cited as an argument in favour of regarding 
rcagin as a separate substance ; but it should be noted that hyper- 
sensitive reactions with a serum occur with very low concentration 
of antibodies, too low to form precipitate. Just as the 
chemical methods are relatively insensitive, compared to the 
precipitin reaction, for the detection of antibody proteins, so is 
the precipitatiorTreaction compared to the hypersensitive reactions. 
Further, it is possible to induce passive sensitisation with sera 
in which no precipitin is demonstrable. These and other consi- 
derations suggest a close similarity between the allergic rcagin and 
other antibodies. Between reagins and the anaphylactic anti- 
bodies some minor differences have been pointed out. An oft- 
quoted one is that the former do not passively sensitise guinea-pigs. 
But this fails to carry much weight, for even in the case of the 
anaphylactic antibody, sensitisation depends upon the type of 
animal. On the whole, no adequate justification seems to' exist 
to consider reagins as substantially different from the anaphylactic 
antibodies. 

Mechanism. The precise mechanism of the allergic reaction 
is not clearly understood. It is believed to be an antigen-antibody 
interaction with a cellular location, similar to that of anaphylaxis, 
and that the symptoms are due to a secondary histamine effect. 
There is some ground for this belief, at least in the case of certain 
types of allergy, but in others there is as yet no evidence to sub- 
stantiate it. However, even in the latter, it is considered that 
the symptoms are due to the action of histamine liberated by the 
injured cells, though it is not evident how the trauma is caused. 

Desensitisation. Desensitisation, albeit difficult, can be 
accomplished, but not to any point of complete cffacement. By 
careful feeding or injection methods, most of the food allergies 
can be abolished or, at least, reduced in intensity. Likewise, 
encouraging results have been reported of having desensitised 
hay fever subjects by spraying their nasal mucosa with extracts 
of pollen grains and asthmatic subjects with extracts of food and 
other allergens. 

^ The Gastro-Intestina] Type of Hypersensitiveness. Various 
kinds of food are responsible for inducing hypersusceplibility in 
gastro-intestinal idosyncracies. Milk, fish, eggs, meat and wheat 
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afisr^rti, f f ^ ^*‘“‘“*^'■0® ™y ocatt in view or 

trZ, ?■ '‘ ®®C“« only through the alimentaty 

tract and symptoms are, thercforc, largely referable to it, thus 
e^btting a tendency for the localisation of reaction. Whether 
ere ts a generalised sensitisation, but giving rise to symptoms 
chiefly related to the alimenlaiy tract because of the primary 
intimate contact of the allergen with the gastro-intestina! mneosa, 
or whether the alimentary mucosa is sensitised inn greater degree 
than other parts of the body, remains an open guesflon. 

Immediately the offending or allergic food is taten by the 
snpersensitive individual, swelling of the lips and tongue and 
difiiculty of swallowing ensue in some cases. It may stop with 
these or, in severe cases, abdomina! discomfort, nausea and 
vomiting may supervene. Colic and diarrhoea may set in after 
a few hours. Generai symptoms, such as rapid pulse and low 
blood pressure, are not uncommon. Skin conditions, lilee urti> 
caria, are common features of food allergy; pufliness of the face 
is common, but angioneurotic oedema is rare ; eczema is a chronic 
manifestation. Asthmatic attacks or cotyza may be set up. 

The Respiratory Type. The chief agents responsible for 
this form of allergy are pollen, house dust and emanations from 
animals and plants. Dandruff and hair of horses, dogs, cals and 
other animals, feathers, house dust. Soar of cereals, and indus- 
trial dust are the common ones. Hay fever, asthma and spas- 
modic rhinitis are the important ailments caused by these. iVbea 
pollen is the incitant, a seasonal variation is naturally eshibiled 
in the incidence of the concerned disorders. Non-specific factors, 
like cold, eacessive heat and sweating and sudden entry into 
stuffy rooms, favour the incidence of reactions more in this than 
in any other form of allergy. So also the administration of horse 
serum and the ingestion of food allergens will unfavourably 
influence, starting reactions or aggravating them. 

Drag Hypersensitiveness. Intolerance to certain drags is 
a common abnormality. There may be history of habitual use 
or constant exposure, but often seactions follow primary contact 
and it is dUScuIt or impossible to disMVer any sensithing exposure 
fn such cases. Large number of drugs are found capable of 
exciting allergic reactions; quinine, aspirin, arsenobenzol com- 
pounds potassiun. iodide, salicylates, mercury compourrds and 
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lysol are some of them. They arc introduced into the body or 
come in contact with it through any of the routes, ingestion, 
inhalation, injection or cutaneous contact. It may be that the 
exciting property resides either in the whole molecule constituting 
the allergen or in certain groups of the molecule. For example, 
individuals intolerant of potassium iodide may, nevertheless, 
tolerate sodium iodide. 

Symptoms of drug idiosyncracies arc not mere exaggerated 
pharmacological reactions of the concerned drugs but arc true 
allergic manifestations. Skin is the most frequently involved 
site and cutaneous eruptions, such as urticaria, eczema and derma- 
titis, ate the commonest expressions of drug allergy. But gastro- 
intestinal and respiratory tracts may also be the scats of sensi- 
tisation when symptoms, differing little from those due to other 
types of supersensitiveness, are produced. 

These drug allergens are immunologicaily simple substances 
having no claim to any independent antigenic property. This is 
no more a hindrance to the inclusion of drug intolercnce in hyper- 
sensitiveness. The study of synthetic antigens has considerably 
elucidated this problem. It has shown that antigcnically inert 
substances, when combined with proteins, give birth to complex 
compounds, behaving like foreign substances and endowed with 
high antigenic potency, capable of provoking antibodies and cau- 
sing sensitisation (p. 233). Such chemical substances impart speci- 
ficity to the complex antigen and also function like bacterial 
haptens, combining specifically with the antibodies incited by the 
conjugated products. This may be happening also in drug allergy. 
In predisposed persons, these simple compounds or their active 
cleavage products may after repeated contact unite with the body 
proteins and form complete antigens ; because of the union these 
proteins h'ave lost their identity and become immunologicaily 
foreign to the body. Such dnig-prolein complexes may sensitise 
the tissues which would then respond specifically on a subsequent 
contact with the drug. Drugs may thus play the role of haptens. 
This may explain the allergic propensity of certain drugs which 
intrinsically lack immunising or sensitising properties. 

There is a miscellaneous group of substances which cause 
hypersensitive reactions and in this group are included certain 
chemicals like mercury and lead, insect powders, cosmetics, plant 
irritants, like ivy and nettle, caterpillar irritants, various insect 
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biies and others.^ Usually they cause sto etniptions, like arti- 
_ ana and dennalilis; and rarely raamfeslatibns reftriibfc to other 
systems. - ' . > . t ■ 

Serum Sickness. Toxic reactions may ibllow serum therapy 
not only in persons previously injected with horse serum’ hut also 
ra a certain percentage of iadividusls after primary injection. 
In the latter there is the possibility of previous sensitisation by 
, tne intestinal route and so both types of reactions may possIWy 
constitute a single allergic grovp. Tbe possibility of previous 
sensitisation during imrnunisation against diphtheria with toxin- 
antitOAin mixture should not be lost sight of Serum reactions 
arc specific; they are due to horse scrum, U. to the proteins 
present in it, and not due to the contained antibodies. 

An acute and fata? type of reaettoa having an anaphyl^ctie 
pattern is extremely rare. What is common is the relatively 
benign scrum sickness. In this a characteristic train of symptoms 
appear 6-10 days after the administration of immune horse serums 
Tliey are skin erruptions, usually of the urticarial or scarJatini- 
form type, oedema of face or other parts, joint pains, general 
disturbances like slight rise of temperature and malaise, mild 
albuminuria or, occasionaily, oliguria, enlargement of glands and 
an initial leucoc)'tosis followed by slight Jeucopffn/a with relative 
lymphocytosis, “n^esc may go on for one or two days to a w-eek 
or more. 

Without any reinjection symptoms may recur after an inter>’al 
of a 'Week or ten days. Most likely, it is due to the presence of 
muitipie antigens in the horse serum each w/th a dilTdrent incuba- 
tion period. 

Zbe lacuhation period sbortens after subsequent injections and 
symptoms tend to be more severe. Such reactions have been 
named ‘accelerated reactions'. When repeated injectiems are given 
'at shorter intervals, reactions follow in a few hours and 
'these are referred to as ‘immediate reactions *. Both these types 
of reactions serve to show that man can be readily sensitised >wlh 
horse serum. If injection is given within a short time after 
thu inenbatiou period, u local reaction racy develop anolopoM to 
the Althus phenomenon. Seram reactions are particularly 
Mrious in astbamatics, especially m those who develop the 
Ss"a 5 c on coming into contact witi horses, the so-called horse 

asthmatics. 
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Serum reactions are seldom fatal, but, as mentioned above, 
they may be serious, especially in those with asthmatic tendency. 
They may be prevented by desensitisation, although the effects of 
it are neither complete nor lasting. Hence, enquiries into the 
presence of sensitivity and attempts to desensitise the positive case 
should be a first essential in serum therapy. But serum should not 
be withheld in urgent cases on the plea of the possible develop- 
ment of serum sickness ; for the danger from this is much less 
serious than that from the original disease. Scrum reactions should 
be carefully guarded against and particular care should be taken in 
the treatment of horse asthmatics with horse serum. Any history 
of such diseases as asthma, urticaria or eczema or of previous 
serum injections should be diligently sought for. 

The presence of serum hypersensitivity can also be elicited 
by certain tests. In the ophthalmic test, one drop of undiluted 
horse serum is instilled into the conjuctival sac. Sensitivity is 
indicated by itching, lacrymation and reddening, all appearing 
within thirty minutes. In the skin test, 0*1 c.c. of a 1: lOO 
dilution of serum is injected subcutaneously with another injection 
of normal saline solution as control. In positive cases an urti- 
carial wheal develops at the site in 5-20 minutes, subsiding in 
an hour or two. 

The process of desensitisation consists of the repeated admini- 
stering of very small doses of scrum at short intervals. The 
patient is given an initial dose of 0-5 c.c. of a 1: 100 dilution 
(with sterile isotonic salt solution) of the serum subcutaneously. 
If no reactions ensue, double the dose at the end of IS minutes. 
Repeat this procedure, doubling the previous dose every time 
until a dose of 1 c.c. of neat serum can be administered producing 
no reaction. There is no standard technique and suitable altera- 
tions in the quantity and timing should be made according to the 
individual’s reaction. Half an hour afier the last dose of the 
series, the full dose may be given in one injection by any of the 
routes except the intravenous. Should it be necessary to give 
serum by this route, a further desensitising process should be 
gone through. For this 1 c.c. of a 1 : 10 dilution is given cautiously 
and slowly ; half an hour later, twice the amount and so on until 
the full dose is reached. Adrenaline should always be handy to 
meet any emergency. When desensitisation has to be waived 
due to urgency and serum has to be given intravenously for the 
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“'"nxi is the administration of 
Lf V, »io»8 with the serum; adrenaline does 

not rntcrfere wjti the therapeutic value of serum. 

Scrum should not be given intravenously to patients with 
posiuve skin test without desensilisation. Intravenous admini- 
stration should as far as possible be avoided in asthmatics and 
m those with a positive ophthalmic test, unless urgency detnanis 
as in malignant dipbtberis. 

Remedies usu^y employed against scrum sickness arc 
ephedrine^ ndfcnaline and calcium. But definite evidence is 
want/ng that they iiavc any preventive value in seruni sickness. 
Histaminasr* a fcnocot obtstaed from the intestinal mucosa, bas 
been reported upon favourably both in the prevention and control 
of scrum sieJmess. It may ^ given orally or by injection, the 
latter being more efficacious. But the most effective way of 
obviating serum sickness is by the use of refined and coacentrated 
immune serum or by using serum prepared in another ammsl 
Bacterial AMci®'* Bacterial allergy is the term applied to 
human hypcrscnsiu'vcncss caused by bacteria or their products. 

It is not characteristic of all types at infections. We have sees 
that microbial infection stimulates the production of protective 
antibodies, antitoxic, antibacterial or both, which in some way 
overcome the noxious agents. Vet another feature of infectios 
is that bacterial proteins may act as sensitising agents. They 
induce hypersensitiveness with no apparent relation to iewaunity 
and sometimes in addition to it. liic condition develops in the 
course of infection and expresses itself in the form of cutaneous 
reactions, of the tuberculin type, on injection with the specific 
allergen. Jafected animals also respond Jn a skaSar rsanntJ. 
These skin reactions are utilised as means of diagnosis. Allergy 
of infection also seems to play ac aetioJogical role in certain 
diseases like asthma and rheumatic fever. 

Bacterial allergens are protein in nature. They may also 
cause anaphylaxis (bacterial anaphylaxis}, similar w protein 
anaphylaxis. Bacterial haptens are unable to senwtise but are 
capable of inducing allergic reactions specifically in the sensitised 
animal or man, recaffiag their behaviour in immunity reactions. 

The precise mechanism of hactenal allergy :s by no means 
dear Nor has it been proved that an aUergic state develops m all 
bacterialinfeetion. It is easy to demonstrate the sole 
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of allergy in some infections Mice tuberculosis, but the same cannot 
be said of others. Extensive experimental studies have been 
made about the tuberculin reaction, but Still its intimate mecha- 
nism of production or its bearing on immunity in tuberculosis is 
not clearly understood (Chapter XXVIII). However, these experi- 
ments tend to show that the tuberculin reaction is not merely 
an infection phenomenon but depends largely upon the occurrence 
of inflammatory cellular reaction and formation of tubercles. As 
has been suggested, such modification of the allergic state by the 
inflammatory reactions incidental to them may be a common 
factor in all bacterial allergies. 

As indicated above, the best known example of bacterial 
allergy is found in tuberculosis and the tuberculin reaction is 
taken as the representative of the group. It is delayed in its 
appearance, persistent in duration and considerably modified by 
inflammatory cellular reaction. Thus, it displays certain differ- 
ences from the reactions produced by non-bacierial agent. The 
latter are usually characterised by an immediate wheal formatloQ 
associated with erythema, both disappearing rapidly; they are 
hardly complicated or influenced by inflammatory reactions. 
Nevertheless, both types seem to be substantially same and the 
differences are explainable by the complexity of bacterial antigens. 

Other reactions occasionally employed in diagnosis are the 
ntaUein reaction in glanders, brucellin reaction in brucellosis and 
Fret test in lymphogranuloma inguinale. Trychophytin test in 
trychophytosis is an example of allergic test in a fungus disease» 
and Casoni test in hydatid infection is an example of allergy 
created by a metazoan animal parasite. 

These allergic tests are not to be confused with the group 
of skin tests represented by the Sebiek reaction; the latter type 
is based on immunity response — the neutralisation of injected 
toxin by circulating antitoxin. 

It Is believed, mostly os clinical grounds, that infection of 
the respiratory tract and also of the nasal and paranasal sinuses 
plays an important aetiologlcal role in asthma and allergic rhinitis. 
Bacterial products from these foci are regarded as causing sensiti- 
sation as the result of long continued action. How exactly 
bacterial sensitisation plays its part in the causation of these 
disorders, is still obscure. Similarly, in rheumatic fever strepto- 
coccal sensitisation has been postulated as the underlying factor. 
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In this the susceptible tissue js said to be the fibrous ijssuc frame 
>vork, particularly of the heart, the subcutaneous tissue and 
the synoNdal membranes, an acute inflammatory condition of 
which forming the basic pathology. Focal sepsis, including 
throat infection, is also considered to be important in the causa* 
tiort of the condition by furnishing streptococcal products for 
sensitisation. The view has been recently advanced that the 
acute manifestations arc the outcome of superinfection with lie 
haemolytic streptococcus which probably supplies the toxic dose, 
^cre is in rheumatic conditions, as also in experimental rabbits, 
definite evidence of enhanced cutaneous sensitiveness to strepto- 
coccus: the presence of streptocoaal antibodies in the patient's 
blood has been likewise demonstrated (p. 382), But these proofs, 
imposing as they are, are insuflicient to establish the allergic 
hypothesis and the matter siui remains controversial. Similarly, 
scarlet fever has also been suggested to be due to streptococcal 
sensitisation. But the evidence on its behalf is still less 
satisfactory. 



CHAPTER XIV 


BACTERIAL VARIATION 

Variation is a characteristic of all forras of life. Bacteria 
are no exception to it. Variation among these lowest forms of 
life has been known almost from the beginnings of bacteriology. 
In fact, one of the earliest conceptions regarding bacteria was 
that they underwent during growth spontaneous and extreme 
changes in form and function. Interchange between coccal, 
bacillary and spiral forms was looked upon as the normality among 
micro-organisms. In this early idea lay the genesis of the theory 
of pleomorphism later postulated by NSgeh in 1877, who main- 
tained that all bacteria were members of possibly but one single 
species and that the different fonns encountered were all variants. 
The pleomorphic concept did not restrict itself to morphological 
changes alone but necessarily included in its scope alterations 
in virulence, proteolysis and other functions as well. 

The doctrine of pleomorphism held sway until the develop- 
ment of pure culture techniques of bacteria by Koch and others. 
Following the new technique a large number of bacterial types, 
greatly differing in form and function, were isolated in pure 
culture. On closer study, these individual species were found 
to exhibit a remarkable constancy in their morphological and 
functional characters. Thus, Koch and his collaborators were 
able to demonstrate clearly that the extreme variability of bacteria 
observed in fluid cultures was but apparent and not real, arising 
from a fallacious interpretation of impure cultures. With the 
acquisition of tlfls newer knowledge regarding bacterial species, 
the pendulum was swung violently to the other extreme and there 
arose the monomorphic theory, as rigidly held by Cohn, Koch 
and others as the pleomorphic conception was by its protago- 
nists According to this doctrine, each bacterial species had its 
fixed and unalterable normal form and the so-called variant forms 
encountered in old cultures or in tissues were either contaminants 
or abnormal products relegated as involution or degenerative forms 
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o^uning preparatory to death. With the further development 
of knowledge these extreme views gave place to the modern con. 
ception of bacterial species as possessing a very large amount of 
stability in their specific attributes which breed true to type but 
are nevertheless subject to variations of a transient or persistent 
character. There is, however, a school of contemporary thought 
Which, while recognising considerable stability in the specific 
characteristics of micro-organisms, as taught by the monomorphic 
school, postulates the existence of a complex life cycle, cyclogcny, 
Tor bacteria. Many of the so-called variations, according to 
them, are but cyclogenic changes. But this view does not obtain 
any wide acceptance among bacteriologists in general (vide infra). 

Variation as a problem, therefore, did not exist in the pur- 
view of the early bacteriologists. Alterations in characters, to 
them, were either normal phenomena or teratological processes 
deserving no special consideration; nor in any case did they 
appear as having any significance in the relationship of bacteria 
to disease. No attention svas, therefore, bestowed on the study 
cf variation from a biological aspect. But more recently, with the 
lecognition of the fallacious nature of the above doctrines, fresh 
interest has been roused in the subject of bacterial variation, and 
during the last two or three decades extensive researches have been 
made to unravel its cause and significance to the bacterial unit. 
These efforts have not yielded much success and today we are 
almost as ignorant as ever regarding these aspects of variation, 
although we are in possession of a wealth of knowledge about the 
Tarious manifestations of variability. With eveo' advance of know- 
ledge, fresh problems of variability present themselves, indicating 
that the field of variation is vast and varied. Numerous instances 
liave been disclosed of variation ofa temporary or semi-permaneat 
nature not only in the morphological and biochcmicaJ characters 
hut also in virulence, toxigenicity, antigenic nature, pathogenicity 
and immunological response, so that the subject of variation has 

assumed a very complex nature. It is hut lopcai to conclude Itat . 

some of these variations must have by nature important bcanng 
on the problems of medical bacteriology. How variant 

ohangesf observable in the eullare tube, are eorrelated with he 
® of disease processes jn the individual 


tre°«Zunity b stUI unsolved, demanding yet a 
; .nmount df investigation. The signiSeanee of variation in 


•vast amount 
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relation to the procedures of immumsation and serological dia- 
gnosis will become amply evident as we proceed. 

Variation means deviation from a common type, whether 
temporary or lasting. Normally, the species breed true to type. 
But at certain times and under certain conditions bacterial cultures 
are seen to manifest changes in one or more qualities from the 
original type. It is axiomatic that we should have precise know- 
ledge of the modal characters pertaining to the common type 
before we may proceed profitably with the study of any altera- 
tions from them. Such knowledge regarding bacterial units is 
largely wanting due to the inherent difficulty of studying these 
fast-multiplying microscopic forms of life. It may be reminded 
that immunerable generations occur tn the course of twenty-four 
hours (10^-10* viable cells) and to follow an organism through 
all these is an all but impossible task. Also, there is a sharp 
cleavage of opinion among bacteriologists regarding certain 
vital aspects .of bacterial physiology. Some workers believe 
that bacteria possess a complete life cycle with all the phenomena 
of a sexual mode of reproduction, while the majority of bacterio- 
logists rej'ect such a contention (p. 342). Unanimity of opinion is 
also lacking as to what should fonn the basic criteria of species. 
The result of all these is that diffierent workers approach the 
subject with difierent biological standards. Naturally, interpreta- 
tions are bound to vary. It may also be noted that when we 
talk of variability we invariably take the ordinary culture products 
as the natural fonns. This may not be altogether justifiable. At 
least in a few cases, for instance the nitrogen-fixing bacteria, the 
morphology of bacteria as occurring in nature displays substantial 
differences from their morphology developed in artificial cultures. 

Variations may occur in morphology, physiology or in both. 
Morphological variations include modifications in shape, size, 
staining properties, cell grouping and in the formation of flagella, 
capsule and spore. Variations in these respects are of frequent 
occurrence; they are often temporary in character. Similarly, 
variations in size, shape and appearances of colonies may occur. 
What constitutes the natural impelling force behind variability, 
is difficult to tell; some changes may be a direct response to 
certain environmental stimuli. Soch changes are not true varia- 
tions but only temporary adaptations incidental to the normal 
life of bacteria as of any other living thing. 
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a snfSff r a“"«'ons m the size of the iodivitols of 

forms of the same bacillaiy species may frequeoSy occur in ailtare. 
Such vanations are usually lemporajy ip character, but it has been 
found possible, in some cases at least, to convert a femporaty 
■Change into a hereditary one, that is, a chanye in which the variant 
quality is transmitted to succeeding fenerations even is tbeabseocc 
■of special conditions that originaily produce the change. By 
selective subculture from a culture of fiocf. co]i of individual cells 
that grow to unusual lengths, it is possible to raise a culture of 
purely long forms which breed true to type for many successive 
generations, showing no tendency to return to the original 
«hort form. A character variation is thus impressed upon the 
■organism. 

Numerous other instances can be cited of departures from 
the normal morphology of bacterial species, which may occur 
nalurally at some time or other during their life. Bacillary fonnj • 
may even assume coccoid forms, on the one band, or mycelial 
forms, on the other. The appearance of elongated or diphtheroid 
forms of streptococci and pneumococci in their cultures is an oft» 
-noted phenomenon. Variations may also be encountered in cell 
grouping. As described in a previous chapter, the arrangement of . 
•cells in some particular fashion is a characteristic of several species 
xtf bacteria. Spontaneous deviations from the usual pattern ate 
often noted ; for example, streptococci may grow in pairs and 
D. pneumoniae in chains. Again, a flagclfated variety may for 
■some reason become suddenly nou-ilagcllated. This is the pre- 
dominant feature of the H-O variation, in which a spontaneous 
suppression of the power of forming SageUa results in the pro- 
Auction of noa-fflotUe variants (p. 347Y Another example of 
fflotphologioal variation is the suppression of capsule fonnation 
jn the capsulated species, such as the pneumococcus. 

■ A spore-bearing microbe may Vtbewise cease to develop 
spores at certain limes or under certain eonditions. The atiihrai 
bacillus, for instance, may become spontaneously asporogenous. 

Such naturally occurring sporelcss variants seldom show any 
tendency to reversion. Pasteur found .that cultivation of the 
mthran baefflos for several, days at a temperature of 42-5"C. 
Suited in fte loss otviruleoce and the appearance of asporo- 
^enous variants. The same can be aecompUshed by growing 
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the orgaDism in the presence of dilute antiseptics. .While the 
heat-induced sporeless variants show great reduction or loss 
of virulence, the same correlation between sporogeny and virulence 
is not always seen. In other words, loss of virulence is not a 
constant feature of loss of ability to form spores., Virulence 
does not rest merely on spore-formation. Virulent strains may 
be sporogenous or asporogenous; so also avirulent strains. 

Of late, the nature of bacterial colonies formed on solid media 
has, assumed special importance. Their size, shape, margin, general 
configuration, surface features, consistency and colour may all 
display at some time or other deviations from the generally 
accepted parent type. The character of growth in fluid media may 
likewise show modifleations spontaneously or under certain 
conditions. All these are dealt with fully m later sections. 

Filterahle Forms of Bacteria. Bacteria are, as a rule, non- 
fllterable. Sometimes filter-passing forms, capable of propagating 
themselves and under certain condiuons developing into the 
parent form, are said to develop naturally in the culture of certain 
bacterial species. Some workers assume that they represent a 
filterable phase in the life cycle of bacteria. It has even been 
suggested that the causative agents of some of the virus diseases 
jrepresent a filterable stage in the life cycle of certain bacteria; 
for instance, the pohomycUtis virus has been claimed to be a 
filterable phase of the streptococcus. Many workers, however," 
doubt the existence of fiUrablc fomas and attribute their pre- 
sence to faulty technique in filtration. The data available at 
present regarding their occurrence arc far too meagre to carry, 
conviction. 

Of some interest is the observation made on the so-called 
<j (gonidial) forms of bacteria. They arc granular elements 
formed by bacteria and believed to be capable of independent 
multiplication into the same form and eventual transformation 
into the original type. Many observers have noted their presence 
■within bacterial cells. When liberated from the cell, they are 
readily filterable through bacterial filters and from the filtrates 
microscopic colonics, G colonies, never more .than 0-2 mm. in 
diameter, grow. Such colonics are composed of small elements 
of diverse morphology with Gram-positive staining character 
■whatever be the staining property of the parent type. . In their 
biochemical properties the G forms arc quite inert and different 
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from the orijmal forms; they arc also reduced in pattiojcnicUy. 
As indicated above, they Snally rnen to the original type, but 

orn-fnTT " T' maintain that Ibey constitute 

organs of a«xnal roprodoction, fowling a rcgniai phase in the 
life ejete of bactena. However, many bactetioiogists do not' 
flgreo with this view sod, pending more exhaustive studies, no 
deiinite conclusion can be arrived at regarding their occurrence 
or Significance. 

' Ffiysfologfcal Yntfatlon. Variations affecting almost every 
physiological character of bacteria may occur spontaneously. 
They may be temporary or more ksting in character. Physio- 
logical modifications may also be induced by experimentai pro- 
cedores. Many of the funettonai activities of bacteria, it may be 
recalled, arc based on enzymic mechanisms and so physiological ‘ 
variation largely implies variation in the enzyme production, 
Changes in the fermentative, proteolytic, haemolytic, chromogcnic 
and other properties have alt been observed. Variation vsvally 
takes the form of an acijuisition or Joss of one or other of these 
properties by the variaoi. A variant, for example, may develop 
the capacity to ferment sugars Dot previously attac>:ed or Jose a 
patticuhr fermentative faculty which the parent form possessed. 
Such gain or loss of a ijualiiy may or may not be pioductbie of 
associated changes; often it is. Wbetber the disappearance of 
a character is due to a complete loss and its reappearance due to 
a gain efe novo, are questions which arc inherently difficult to 
prove. When there is apparent loss, the quality in question may 
bu assuming latency without complete extinction such that it can 
re-establish itself when conditions become suitable. 

Another vamtvon in the physiology of bacteria is the altera- 
tion in the pigmentary melaboUsm, v/bich the chromogenic 
bacteria may at times exhibit. The power of pigment production 
of a particular species may sometimes partially or completely 
disappear, the growth appearing poorly coloured or colourless 
altogether, and reappear after varying intervals with restoration 
of the original, or normal, hue to the colonies. For example, 
n/Ai/r variants am occasionally given birth to by Stephylococcus 
nureus • growth with white, pink oc red colour may be produced 

hv selective subculturing of Ckrrmobacieriwii prodislosum. Such 
changes are often environmental m origin, but in some cases no 
cause can be traced. 
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Adaptive and Constitutive Enzymes. Bacterial enzymes can 
be placed in one of two classes: enzymes that depend upon 
the presence of suitable substrates for their production and 
enzymes that are formed independent of the presence or absence 
of such substrates. The former are called adaptive and the latter 
constitutive enzymes. The production of adaptive enzymes is 
thus a variable factor, although the capacity to do so is as much a 
permanent quality as the capacity to produce constitutive enzymes. 
The stimulating influence of a spedfic substrate is necessary for 
the elabonation of adaptive enzymes m appreciable quantities. 
Tn other words, the ability of an organism to utilise certain sub- 
trates undergoes marked accentuation when it is cultivated in 
the presence of such substrates. In the absence of these sub- 
strates, probably the organism is simply inactive in this respect; 
it cannot be said that the spedfic capacity is entirely lost; only 
any detectable amount of enzymes may not be produced; there 
is no conclusive evidence to say that the enzymes are not produced 
at all. The tryptophane-utilising enzyme of Bad. coll is an 
example of an adaptive enzyme. Washed suspensions of this 
germ grown on a medium containing tryptophane will attack 
this amino acid much more readilythan washed suspension from 
a medium not containing tryptophane. As mentioned elsewhere, 
many of the proteases belong to the adaptive type. In the 
absence of proteins, these proteolytic enzymes are formed only 
in minimal quantities. But when provided with suitable proteins, 
the enzymic activity is very much enhanced. The production of 
constitutive enzymes, as noted above, is not conditioned on the 
substrate environment, Tbc enzyme of Bad. coU concerned in 
the decomposition of glucose illustrates this type of enzyme ; the 
colon bacillus will readily attack glucose whether or not it Is 
previously acclimatised on media containing this sugar. 

The enzymic variation described above may be rapid or slow 
in appearance. In some cases a single transplantation into a 
suitable medium will restore marked enzymic activity, while in 
others several transfers on a medium containing the particular 
substrate arc necessary to bring about the change to an appre- 
ciable c.xtent. In any case an essential prerequisite for adapta- 
tion is the utilisation of the substrate by the organism and cell 
multiplication ; without these the process of adaptation does not 
materialise in the vast majority of cases. From the above it is 
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evident that these enzymic variations are determined by the 
bacfenal environment; they ate. therefore, to be terarded as 
temporary adaptations to external stimuli. 

A more persistent type of variability in' the biochemistry 
of bacteria is that observed in Bact. coU mutahile. This is a non- 
lactose-fermenting strain of colon bacillus. When cultivated 
on a lactose-containing medium, liJce MacConkeyV agar, cariy 
colonies are all entirely white. On further incubation red papillae 
appear on the white colonies, indicating that some of the bacilli 
have suddenly developed the capacity to remient lactose with 
the produdtion of acid. Organisms from the red papillae breed 
true to type, growing into entirely red colonies which display no 
tendency to return to the original non-lactosc-fermcntiog type'. 
Subcultures from the white portions of the original coloaies’ 
reproduce white colonies which, as before, give birth to red 
papillae. Laborious studies recently conducted have brought to 
light that one in a hundred thousand cells of this organism grows 
into a lactose-fermenting variant. The nature of this change is' 
not understood; in its suddenness and permanency it resembles 
mutation. 

Several experimental variations have been similarly produced 
in'members of the colon-typhoid-dyscntery group of organisms, 
the resulting variants in all such cases exhibiting varying, degrees 
of permanency. Thus, a dulcitc-fermenting strain of Sact. 
iyphosum has been reared up, although it does not display the 
same tendency to non-reversibility as the lactose-fermenting 
variant of Bad. coU mutabile. Probably analogous to these 
adaptations are the nutritional changes that may be induced in 
certain pathogenic bacteria. It has been pointed out in a fore- 
going chapter that the typhoid bacillus, though requiring pre- 
formed tryptophane for its growth, can, nevertheless, be trained 
to synthesise this amino acid from ammonia. Likewise, by 
* training, the dysentery bacilii can be made to grow in the absence , 
of nicotinamide which is normally essential for its growth. Several 
such changes are on record in which nutritionally fastidious 
orcanisms have been rendered Jess exacting or non-exacting by 
training and adaptation. It is a common observation that many 
oathogens’on first isolation are poor 'growers on the common 
laboratory media, but sooner ct later they become accustomed to 
hem as the r«ult of subculture. ^So alsb. the gas requirements 
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of certain species can be varied by repeated subculturing. 
Br. abortus, for example, requires a high COj tension for primary 
isolation, but after a number of subcultures it learns to grow 
under ordinary CO, tension. 

Antigenic Variation. Variations m the antigenic make-up 
of bacteria are by no means uncommon. The subject has 
assumed considerable importance of late and it will be considered 
more fully under bacterial dissociation (p. 343). Antigenic vari- 
ation may not be an isolated phenomenon ; it often appears in 
association with morphological and cultural variations and often 
apparently as a sequence to these. For example, when a flagellated 
species loses its ability to produce flagella, as in the H-0 variation, 
it also inescapably loses therewith the flagellar antigen. Likewise, 
when a capsulated organism loses the power of developing 
capsule it inevitably suffers a loss of the capsular antigen. The loss 
of flagella or capsule leads to important cultural changes. The 
antigenic individuality of an organism is inseparably bound up 
with its chemical structure. Hence, alterations m these two go 
hand in hand. On the antigenic structure generally depend 
several other properties such as virulence, toxin production and 
serological response. Hence, any change in the antigenic consti- 
tution is bound to have its reflection in such dependent properties. 
For instance, when a capsulated strain of pneumococcus has 
undergone variation in the form of loss of the capsular antigen, 
its chemical integrity has suffered, serological specificity has 
disappeared and its virulence and pathogenicity have undergone 
profound degradation changes. The new non-capsulated variant, 
left mainly with the species-specific nuclcoprotein, is antigenically 
different from the capsulated original form. It is also different 
in its cultural characters. Thus, antigenic variation is often 
associated with a train of changes, the nature of whose underlying 
mechanism or mechanisms is unknown. Variation in the anti- 
genic structure of micro-organisms may also occur unaccom- 
panied by any other changes, foe instance the phasic variation 
of the Salmonellas. Antigemc vanation may be temporary, as for 
instance the phasic variation of the Salmonellas, or more enduring 
like that involved in the S~R variation (p. 343). 

Variation in Virulence and Toxigcnicity. The loss or lowering 
of virulence, or attenuation, is a well known phenomenon (p. 202), 
The opposite process is called exaltation of virulence. The 
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i. microbes in iheit natural host tissues usuaUy e«ta 
mgh degree of virulence. But through long sojourn in the host they 
have been observed to hsc (heir v/nileoce partly: strains isolated 
from carriers may be less wnileat than those that cause infection. 
Reports that attenuation may 6e forced upon in vivo by the defence 
meehamsm of the body should, however, be criticaliy assessed. 
Jl is a question of supreme practical importance, especially in 
the field of epidemiology. Outside, in the culture lube a consi* 
derable faj] in virulence is usaaUy e^tpen’enced after repeated 
subculture. Thus, artificial cultivation itself, not involving the 
introduction of any unfavourable growth conditions, reduces 
virulence in course of time. In fact, the readiness with which 
virulence is lost in artificial cultures is a great handicap In espen- 
mentai work. By aging, the culture of a virulent organism 
becomes weakly virulent or avirolentj probably the metabolic 
products of the organism itself may have a hand in ibis tram* 
formation. Further, the pathogens may also be forced to lose 
Ihtir virulence by cultivating them under adverse conditiow) 
impoverished nutritional surroundings, unfavourable temperature' 
conditions and inclusion of antisera in the culture media may all 
bring about a lowering or loss of virulence. Ewroples are the 
B.C.G. stcaia of Mycobacterium tuberculosis, which is a penna* 
nently non*virulent variant, and Pasteur’s attenuated anthrax 
strains. Attenuation can also be brought about by serial passage 
through unfavourable host species; an outstanding example is 
the conversion of smallpox wus into vaccinia virus by passage 
through cows. Another attenuating agent is the bacteriopha^* 

It is hard to induce exaltation of vfrufence in artificial 
culture, but passage through suitable animal species offers better 
success in many instances. Thus, serial passage through mi« 
enhances the virulence of the pneumococcus or of the pesus 
bacillus. The enhancement of virulence by this proce^ has been 
ascribed to a selective survival of the more virulent individuals 
m rhe body ant the destruction of tfac less virulent or no^^-^’ifU^ent 
nnes bv the action of tissue fluids and cells. This, of course. 
nresupWSES » disparit)- of virulence among lie individuals in a 
eSure; a few unattenuated organisms may be remammg mlac< 

' Tht'Swy in P^auce tosiu may also suffer loss ordimto^ 
lion under eerlain eondilions. Where toxm pwduchon and 
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’virulence go together, as in C. diphtheriae, degradation in virulence 
manifests itself as a loss of the toxigenic power. But, where 
these properties are independent of one another, as in strepto- 
cocci, any interference with the one need not necessarily affect 
the other. Variation in the toxigenicity of different strains of 
the same species is by no means unusual; the occurrence of 
different strains of C. diphtheriae )ielding varying amounts of 
toxin is too well known. 

Attenuation is often, but not always, associated with morpho- 
logical and other changes. Loss of virulence of pneumococci, 
for instance, goes with the loss of ability to form capsule. This 
association, is not always constant. Vanation in virulence 
may be seen with no other recognisable changes. Non-virulent 
non-toxigenic strains of the diphtheria bacillus, morphologi- 
cally and culturally indistinguishable from the virulent toxi- 
genic strains, are occasionally seen. Similarly, avirulent spore- 
forming anthrax bacillus may be encountered as well as virulent 
spore-forming strains. Variations in virulence and toxigenicity 
are also associated with changes in the behaviour of the organism 
to the action of phagocytes and bacteriophage. Loss of these 
properties is also accompanied by a loss of resistance to phago- 
cytosis (p. 300); so also by a loss of sensitivity to the lytic 
action of bacteriophage. 

Immunological Variation. is a common observation that 
difTerent strains of the same bacterial species display marked 
differences in their antigenic efficiency, that is, the capacity to 
provoke rapidly and effectively immunological response in the 
host. For example, certain strains of typhoid bacilli arc efficient 
immunisers, while others are not. Per contra, some strains are 
highly agglutinable, while others are poorly so. 

Variation in the immunological nature of bacteria is an 
important manifestation of bacterial dissociation. As already 
pointed out, it is intimately bound up with the antigenic variation. 
'Within the same bacterial species there may he different immuno- 
logical types, depending upon the presence of different antigenic 
moieties. For example, pneumococci are divisible into many 
immunologically unrelated types, the immunological peculiarity 
ox specificity residing in the substance of the capsule. In the 
complex S-R change the loss of capsule is a prominent feature, 
obviously then, with this loss, that is of the specific capsular 
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specificity linked with the 
capsule, the rough variant being devoid of any type; it is now 
comiTion to the whole spedes. ‘ ' 

The Nature and Significance of Variation. Earlier in this 
chapter we have seen how the eaily pleomorphic conception of 
bacteria taught that bacterial species did not have any faed basic 
atlnbutcs but were subject to unlijnitcd changes.. According lo 
this conception the so-called variants had no special significance; 
they Were but tiomal phases. Nor had bacienal variation, as 
we know it today, any place in the later monomorphic theory 
of bacterial species. In fact, this conception with its teaching 
of the immutability of bacterial species precluded the possihilifj’ 
of bacterial variation occurring. To the followers of this theory 
there were only normal and abnormal forms of bacteria; m 
other words, all unusual forms were regarded as pathological in 
origin. Thus, whether it is the pleomorphic or the monomorphic 
doctrine that held the field, variation as a phenomenon suis generis 
did not exist in the minds of the early bacteriologists. 

Fluctuatiag Variatioo. We are still ignorant of the precise 
nature or mechanism of variation. Several views have bees 
advanced. Variations were regarded by some as merely fortui- 
tous in character, occurring at random with no obvious cause or 
significance. Many of them appear to be of a fluctuating type; 
they readily swing to and fro from a modal type.' AUhou^ 
there is no permanency about if, if is, neverfhefess, possible by 
selective methods to impart a degree of stability to a variant 
character, for example the creation of a giant cell culture of 
.Rzc/. coll. (p. 332). 

Mutation. Another view is that bacterial variation is of 
the nature of mutation occurring in higher fonne of life posses- 
sing a sexual reproductive mechanism. Mutation implies genetic ^ , 
changes;it is hereditary and permanent in character. In the 
coacepiioD of mutation have also been included by some bacterio- 
loeists abruptness of change and irreversibility or permanence. 
Certain bacterial variants, c.g; ibe lactose-fermenting variant 
ofBact cofimuw6/fc, display both these characters. On evidence 
^uch as* this some investigators believe that bacteria possess genes ^ 
controlling all heritable characters and that genetic changes 
underlie all bacterial variations. But thepremises are hypothetical; ^ 

^ yeslion of the presence of nucleus and chromosomes is still 
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controversial and the evidence in support of a sexual mode of 
reproduction among bacteria is extremely slender. Hence, to 
invoke gene-mutation to explain the imderlying mechanism of 
all bacterial variations is unwarranted in the present state of 
knowledge. But it cannot be denied that there are certain types 
of bacterial vanation which closely resemble mutation and so 
the possibility of mutation as the basjc mechanism cannot be 
altogether ruled out. The question can be settled one way or 
other only in the light of further data regarding the intimate ' 
structure of bacteria. 

Adaptation and Impressed Variation. A widely held view 
is that variation is environmental and selective m origin. Environ- 
ment undoubtedly plays an important part in the genesis of 
variants. There is ample evidence to show that alterations in 
the morphological or physiological properties of bacteria may all 
he induced by unusal conditions of life. Environmental variations 
may be temporary or more fasting. Temporary modifications 
are the result of the direct influence exerted by the environment; 
that is, they are temporary adjustments to suit the new culture 
conditions which are unfavouraWe for normal growth, and ready 
reversion to the original form follows the withdrawal of such 
unfavourable conditions; no more arc the new characters handed 
down from parent to progeny. Some investigators believe that 
even in such circumstances hereditaiy transmission of characters 
may occur, at least, in rare cases. But it is doubtful that a direct 
action of environmental influences can alone give birth to more 
than fugitive modifications. En\ironmcntal factors that may 
necessitate adaptive changes arc a higher than optimum tempera- 
ture, high salt concentration, reduced surface tension, nutritional 
deficiency and the like. 

Where variation is more lasting, a selective survival of the 
variants and a transfer of the variant qualities to the future gene- 
rations seem to be involved. The changes are not of the nature 
of temporary adaptation, and coming back of the variant to the 
original type is not in the pattern of impressed variation. Instead, 
the process is one of selection of the qualities advantageous to 
the organism and a progressive modification towards a better 
type.- The influence at work here is the favourableness of the 
environment in promoting the growth of special types of pre- 
formed variants in a selective fashion. In some way or other 
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M 'v ‘tose variants, 

whsch arc presumably best fitted to the new surroundinss, multiply 


suppressed and may finally 


become eatmct. That is a selection of the fittest. What impels 
uPPrurance of the initial variants is by no means clear. 
Whatever that be, such selective transformation is progressive and 
tends towards permanency. ,We have no knowledge of the nature 
of the bactenal^ mechanism through which the environmental 
factors operate in the perpetuation of the variant qualities. 

Bacterial Life Cycle. It has been postulated that bacteria 
may possess a complex life cycle, exhibiting a succession ' of 
morphological types, such as the normal forms, the involution 
forms, gonidial forms and gametes with sexual processes, and 
eventually restarting the whole chain of events in an orderly way. 
The evidence in support of a ryclogeny is very meagre. It may 
be conceded that certain rare morphological phenomena, lihe the 
sporC'Vegetative cell succession, have some sembhnee to the 
stages of a life cycle. Excluding such exceptions, no change has 
been so far shown to occur in any bacterial unit, which is indi!> 
putably cyclogenic in character. The upholders of the above 
theory claim that some, at least, of the variations are cyclogenic. 
Such variations, they say, occur regularly in the natural course 
of a complex life cycle of the bacterial unit and if we do not observe 
them regularly it is either because our opportunity for observation • 
is xestricted, or the cells in some of the phases arc too minute to 
be resolved by the microscope or we are generally observing only 
one of the morphological stages of the organism, as others are 
suppressed in the constant cultural environments of the laboratory. 
Suffice it to say that this claim rests on a basis which itself has 
yet to be cstab/ished. 

The significance of morphological variations to the bacterial 
cells is obscure. The survival value of bacterial attributes is not 
clearly understood, so that the correct assessment of any parti* 
cular gain or loss has perforce to rest on uncertain grounds. In 
what way a bacterium is affected by a loss of flagella or capsule 
or how the acquisition of some fresh physiological character 
benefits in the economy of bacterial life, are questions for which 
we ^re at the moment unable to give any definite and satisfactory 
In^wer In view of the wide adaptive powers of bacteria many of 

Srphysiologicalvariationsinayiiotbeof any great consequence. . 
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If any particular enzymic system, for instance, is lost some 
other mode of meeting the loss is invariably developed and 
the organism does not apparently seem to suffer any biological 
set back. Such is the elasticity of the metabolic apparatus of 
bacteria. Besides, most of the physiological variations are pro- 
bably of the fluctuating type; they appear and disappear, never 
remaining permanent. Some variations too may probably have 
the purpose of trial and selection for a belter mode of existence. 
It is impossible to deny that variations, which have no survival 
•value, may be appearing and disappearing at some time or other 
in the course of the innumerable generations an organism goes 
through even in the course of twenty-four hours, giving birth to 
countless populations. Again, the purpose of the variability of 
the immunological characters of bacteria still remains a mystifying 
problem, while to us the subject is of profound practical impor- 
tance. The relative instability of some of the bacterial antigens, 
the apparently fortuitous luture of their fluctuations, e.g. the loss 
«r gain of the H antigen in the H-0 variation or the facile alteration 
of the ipecifle and non-specific flagellar antigens of the diphasic 
Salmonellas, and the random way in which antigens are distri- 
buted in the microbial populations are all points that rouse 
doubts whether there is any fundamental biological significance 
or design associated with the immunological properties of bacteria. 
The antigenic property of bacteria is relative and has no existence 
apart from the conception of parasilc-host association. There is' 
the possibility that all these variant changes represent trials in 
the process of evolving necessary and suitable adjustments towards 
a perfectly harmonious living with the natural environment, that 
is, a slow process of transformation from antagonism to symbiosis. 
They also incidentally serve to show the wide flexibility of bacterial 
form and function. 

Bacterial Dissociation* Bacterial dissociation is a parti- 
cular type of bacterial variation characterised outwardly by 
certain striking changes in the type of colony formed on solid 
media. Early workers had called attention to the appearance of 
different types of colonies when working with the same bacterial 
culture. Baerthlein observed the phenomenon in 1918; he also 
showed that a variety ofbactcria exhibited marked colony variations. 
"Fresh interest was roused in the subject by the work of Arkwright 
•on the variability of enteric bacteria in 1921 and of de Kruif in 


344 


A TEXTBOOK OF BACTERIOLOGY 


latter ''f 'f in lepiseplica. He 

A thm^!h t ^ w" *nrtar&/ormfcro«,cL(,rto«,n. 

Although dwociahve variation was first studied with reference 
to colony characters, yet even before the recent resur£ence ef 
interest m the subject attention had been caUed to its intosle 
relation to changes in other specific characters as well. And bow 
in the concept of microbic dissociation are included a number of 
important correlated variant changes. 

When the ordinary culture of an organism, even a single cell 
culture, is plated on an agar medium, two main types of colomes 
develop; the smooth (S) and the rough (R). The smooth colo-^ 
Dies are round, convex, moist and shining, while the rough onei 
are somewhat larger, irregular, flattened, dry, granular or 
wrinkled. The smooth form is regarded as the parent or normal ^ 
type and the rough as the variant. Hence, the change is indicated 
as the smooth to rough, or S-R, variation. As a rule, organisms* 
freshly isolalcd from lesions grow in smooth colonics and disso- 
ciation becomes increasingly evident with the age of the culture. 
Between these main types of colonies, intermediate types, par- 
taking of the features of both S and R varieties, may also be seen. 
This probably indicates that the trsnsithn trom the smooth to* 
rough is a gradual process passing through several inlermediaie 
stages. When once the change has started, it goes on, though 
slowly, to completion and the cell structure undergoes funda- 
mental changes in course of time with the result that the ultimate 
variant has lost many of the specific features of the modal cell. 

A stock laboratoiy culture may, therefore, contain organisflis ia 
diflerent stages of transition and sometimes only the final rough 
phase product. . ' 

The S-R transformation may be hastened by certain artificial * 
procedures. For example, the addition of lithium chloride or 
anti-S serum to the medium employed for culture of the organism 
hastens the process. So also the action of bacteriophage. For 
example rough variants of^acr. typhosum containing neither Vi 
nor O antigen can be produced by subjecting the smooth strains 
to the action of bacteriophage. - . „ „ . • , 

The S-R transformation is easy, but thci R-S reversion is 
rrialivdv difficult, the R variants displaying Jittk tendency to 
return to the, original smooth fo^- ' This has led to the heircf 
that the rough phase cullurais.inocli more stable than the smooth . 
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phase Culture. This relative' stability of the R form would also 
seem to indicate that in its nature the S-R change is not of the 
category of the fluctuating type of variation which readily swings to 
and fro. Though difficult, the backw'ard process may, nevertheless, 
be induced artificially in most instances by cultivating the R form * 
in the presence of anti-R serum. Animal passage may likewise • 
bring about the R-S reversal. This revcmbility, albeit difficult, as 
well as the gradualness of change differentiates the S-R dissocia- 
tion from mutation. 

The general pattern of the variability of the colony types 
described above has, however, certain exceptions. Forexample, 
freshly isolated haemolytic streptococci form rough colonies. These 
are regarded as the normal type and when variation occurs the 
alteration is from the rough to the smooth type of colonies. Again, 
the colonies formed by the freshly Isolated virulent anthrax 
bacillus are of the rough type, but with the supervention of varia- 
tion the change is towards a smooth form which consists of less 
virulent or avirulent bacilli. Thus, the usual type cf variation » 
in certain cases may be in the R-S direction ; nevertheless, the • 
change is essentially of the same kind as the S-R type. There is • 
evidence to show that the difference is, in all probability, due to ’ 
a difference in the nature of the surface antigen, that js the viru- 
lent antigen, which is protein in these species instead of poly- 
saccharide. 

It has been mentioned above that variation in the colony 
type is not always an isolated phenomenon but may be closely ' 
correlated with a number of other changes, some of them deep 
seated. Many of the important specific characters appear in 
some way linked to a particular colony type and when the 
latter undergoes alteration the former too inevitably suffer the 
same fate. 

Changes in morphology and mode of cell division may 
accompany S-R transformation. For some time after division 
of the rough variant cell, the daughter cells tend to remain adherent 
end to end instead of separating off and coming to lie side by side 
as in the case of the smooth form. The formation'of short chains ' 
with sharp bends at the points of division is the result. They • 
probably account, in part, for the granularity of the rough colony. 

■While growing in fluid media, the smooth form gives rise#' 
to uniform clouding, whereas the rough form tends to sediment. 
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leaving the supernatant fluid clear. The suspension slabililji 
exhibited by the smooth type in physiological salt solution is 
lost in the R form which, in consequence, undergoes spontaneous 
clumping. The flagellate species usually turn aflagellate, tboogli 
rarely they remain motile, giving rise to rough motile variants. 
Similarly, the capsulated species lose the power of capsule forma- 
tion. This appendage, usually polysaccharide in nature, coafeis 
type specificity to the organism ; its loss during the S-R tranriuon, 
therefore, inevitably results in the loss of immunological s^- 
ficity and the variant product becomes group-specific, containi^ 
only a somatic antigen common to all the types of the ^ 

group antigen. An example of this is the conversion^ a IF 
specific pneumococcus to the group-specific variant. Hie cMB- 
ctcristic surface antigen of the normal smooth form of mos s^ 
is a polysaccharide, which is also mostly responsible for . 
During S-R variation this is lost, exposing a deeper seated mup 
somatic antigen common to the group and composed o a 
kind of polysaccharide and protein. The 
■while agglutinating specifically in the ^ , 5^54 the 

sera, are not agglutinated by an nntiserum P'*P® ^ ^ 

rough somatic antigen. mflects the — log^ chM ^ 

engendered during variation. The loss Pf ‘ ^„«s . 

somatic antigen in the case ot J Uausfonninl 

relative increase in the ’“P'*'?' if ....v-hc state. TM" 
the organism from a hydrophilic into a y P jij„ts in 

is the explanation of “Vto abfve. amely 

fluid cultures nnd in » 

associated with the immunological response 

diminution or loss of s,;* its anUgemc 

of an organism is *nextncaWy P j^ads to 

structure. Hence, modification bacterial dissociation* 

.changes in the former as weii.^ constitution, 

implies also 'fi®?.,. ms of bacteria. Other changes 

virulence and immunologi j ^ reduced scnsiti«ly 

are a reduced biochemical artiin y ^as - 

“r.he lyric action of bame™pha|:. Tha*^^ 

a more hardy individual w* correlated changes 

altered beyond easy .;ariation may be summed up as 

• iuvolved in smooth to rough va 

follows; 
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1. Roughness or granularity of colonies. 

2. Instability in fluid culture and in physiological salt 

solutions. 

3. Loss of capsule or very often flagella. 

4. Loss of the characteristic smooth surface antigen. 

5. Loss or diminution of virulence. 

6. Reduction in the biochemical activity. 

7. Loss of sensitivity to the lytic action of bacteriophage. 

From the foregoing it is evident that the alteration in the 

colony type is hut the superficial mark of a scries of associated 
character changes having profound biological significance. They 
are apparently different manifestations of a single fundamental 
change, viz. the loss of the capacity to synthesise a particular 
chemical component of the bacterial cell. 

The intimate nature of microblc dissociation is not clear. 
Whether the rough culture is a degraded variant of the smooth 
prototype, as regarded by many bacteriologists, or it is only one 
of the normal phases of the bacterial life Ibistory, as held by 
others, remains still unsettled. The S-R variation does not 
appear to be of the category of fluctuating variation Vfhich readily 
moves to and fro. Its gradualness of change and reversibility 
distinguish it from mutation. Environment undoubtedly does 
play a part in its causation, but how far it is responsible for or 
what other forces are also operative in Its production, are problems 
which yet await solution. It has been suggested that the R form r 
is a more saprophytic form, but that it gains during residence in 
the animal tissues certain new properties correlated with viru- 
lence, which are again lost when cultivated in artificial media. 
Much attention has not been paid to this aspect of the question ; 
if it is proved, the S-R variation is a mere reversion to the natural 
state of the organism. 

A different type of colony variation is what is known as the 
H - O variation occurring among the flagellated bacteria. It was 
. ori^nally described in the case of Proieus vulgaris. Because of 
its great flagellar activity, the normal form of this organism grows 
on agar in irregular rapidly spreading thin films. But sometimes 
discrete non-spreading colonies make their appearance sponta- 
neously. This has been found to be due to the loss of flagella, 
which expresses itself as a colony variation from the spreading 
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the noa-spreadtag discrete 0 (0 
rortanc '• Variation has gained considerable 

arn enr 'IT ‘'"= P««"‘ “ *' 

arc entirely different from those making up the cell body. S 

prpion of flagella means loss of.H antigen. In other woi 
inis type of vanation also involves antigenic changes in the oi 
n>sm, tJmugh it may not he so profound as in the case of 
• low of flagella also causes a physical chaJ 
in the type of clumps formed during aggluiinalion; the flu 
clumping seen when dealing with the flagellar strains is gh 
place to a granular type of clumping with the non-flagellal 
strains. In case the flagellar antigen is also type-specific, th 
its loss deprives the o variant of any type specificity. Tbc 
form, however, does not undergo any antigenic change btyoi 
the flagellar loss ; it retains the smooth somatic or 0 anlig’ 
unlike in the case of the S - R variation in which the loss of tl 
superficial O antigen is a conspicuous feature. The H - 0 van 
tion is quite independent of the S - R variation. 

■ The nature of the stimulus producing the H-0 variation: 
j unknosvn. This type of variation differs from the S - R variatio 
ia that the transformation occurs more readily than in the latto 
But the noD-motile 0 variant usually shows little tendency t' 
reversion. The H-0 transformation can be easily induced b] 
artificial means, for example by growing the motile strain oi 
agat containing 0*1 pet cent, phenol. Here also the suppression 
of the faculty to develop flagella is prompt, but, unlike when 
naturally occurring, the change is readily reversible and the non- 
motile O variant is rctransfonned into the common motile form 
immediately it is transplanted on ordinary media. It is, there- 
fore, a case of temporary adaptation. 

A 'different type of flagellar variation is met with among the 
Salmonellas. The flagellar or H antigen in these organisms may 
exist in two ImmunologicalJy disUnct forms, the specific phase 
(phase 1) and the group phase {phase 2), Refer under Salmoneilas. 
Bacterial species, whose H antigen may exist in both forms, 
one or other in different individuals of the same species, are 
termed diphasic. An ordinary cohure of such a diphasic orga- 
nism will contain representatives of both forms. On plating 
out they give rise to two classes of colonies which, wtulc 

morphoiogfcally similar, are immunologically distinct, one class 
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containing exclusively individuals with specific phase antigens 
and the other individuals with group phase antigens. By sub- 
culturing separately from single colomcs, pure phase cultures 
can be obtained. Cultures possessing the specific H antigen 
.agglutinate only with the specific serum, whereas those possessing 
the group H antigen display considerable cross agglutination with 
allied organisms. The phasic cultures are very unstable, and 
change in either direction may occur after a few subcultures, each 
phase giving rise to mixed descendants. The transition in all 
these cases is prompt and does not have the gradualness of S - R 
variation. The phasic variation is, therefore, of a fluctuating 
type. It may be further noted that the 0 antigen remains un- 
_ affected during the phasic variation which occurs independent 
of S - R variation. 

Besides the specific-group phase variation, the specific phase 
or phase 1 may itself exhibit a diphasic variation termed the 
phase variation. The antigenic components of the alpha 
phase differ in constitution from those of the beta phase (p. 271). 

A few more types of variations in the colony forms have 
been described. The occurrence of the G type has been dealt 
with in a previous section (p. 333). Another is the mucoid or M 
type which is believed by some observers as cyclogcnic. The occur- 
rence of it has been noted m the colon-typhoid group of organisms. 
It may be unrelated to the mucoid type observed in streptococci 
and pneumococci. The D type (dwarf colony) is yet another 
variant. In comparison with the R colony, the D colony is small 
in size but not so minute as the G colony. In S - D and D - S 
variations the size of the colony appears to be the only variable 
character in most instances. The S - D variation probably signi- 
fies a temporary arrest of the growth vigour of the component 
bacteria. 

Transmutation of Immunological Types. The observation 
made in recent years that the pneumococcus can be induced to 
change its type is of absorbing biological interest. It was shown 
that the avirulent rough form of Type I pneumococcus, when 
injected into an animal together with a suspension of heat-killed 
smooth form of Type II pneumococci, is transformed into the 
latter type. It was further shown that any type can in this way 
be converted into any other type. That is* under certain condi- 
tions a rough variant may develop the capacity of synthesising the 



CHAPTER XV 

THE CLASSinCATION OF BACTERIA 


The classification of bacteria was in a state of chaos for a 
long time. As a matter of fact, even now a stable system of 
classification has not been evolved. Several reasons have contri- 
buted to It. Early bacteriologists were not naturalists; they 
were mote concerned with the behaviour of bacteria in relation 
to disease rather than with their nature or systematic aspect. They 
were largely content with the broad morphological and patho- 
genic characters for purposes of identification and grouping of 
bacteria. It is now too well known that in tbe classification of 
bacteria morphology alone is a very unreliable guide; organisms 
widely different from a determinative stand point are often mor- 
phologically identical. Again, in the early days of bacteriology 
no attempt had been made to formulate any nomenclatural code 
for the subject: and the dependence of taxonomy on a stable 
system of terminology is self-evident. Till relatively recent times, 
the naming of bacteria was, therefore, done haphazardly with no 
reference to any pre-existing well established rules of nomen- 
clature. This was also probably due to the belief entertained by 
early workers that bacteriology was a new biological science, 
requiring rules of nomenclature and classification altogether 
different from those of botany and zoology. Further, the absence 
of any agreed and stable differential criteria for the determination 
of genera and species also led to indiscriminate naming. Different, 
workers often applied different names to the same organism. 
For example, ClosiridiMm welchil went under several names: 
B. aerogenes capsulatus, B. perfringtns, B. phlegmonis emphy 
sematosae and B. enteritidis sporogenes^ Such a situation obvi- 
ously could not lend itself to order, but instead paved the way 
for more confusion to creep into the literature. Nowhere is this 
so evident as in the formation of genera and species. 

For any classification to have scientific value, it should be 
based on a regular system of nomenclature sanctioned by inter- 
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national agreement. The biological sciences, botany and zoology, 
had already such nomenclatares. 77ie rules and rcconmcnda- 
tions regarding terminology are in essential identical to these 
two disciplines. Naturally the question arose whether these ni!« 
could be brought into service for bacteriology as well. On this 
important point opinions differed at first among bacteriologists. 
But it Was finally agreed that tn so far as they may beappIicaWf 
and appropriate the nomenclatural codes established for botany 
and zoology should be adopted in the naming of micro-organisms. 
It should be lemembeted' that the Linnacan binomial nomen- 
clature serves as the basis of naming in botany and zoology. 

Nomenclature. The term nomenclature is applied to the 
naming of plants and animals. It is necessary for a correct use 
of names that the student should be familiar with a few simple 
rules of nomenclature. &ich distinct kind of bacterium is caM 
a species. To each distinct species a name is given consisting 
usually of two Latin words, as BaciUus subtiHs. The first word 
is the name of the genus or group to which the organism belongs. 

It is a Latin or Jess commonly a Greek noun, and when used at a 
scientific generic name it should always be written with a capital 
letter. It may be masculine, feminine or neuter in gender. 
Examples arc SadUus (masculine) a small rod ; Sardna (femininf) 
a packet or bundle; C/ortr/dyum (neuter) a spindle. Thestcood 
word in the scientific name is a specific epithet. It is not capita- 
lised except that certe ' 

from proper nouns, \ 

and generally agrees with (he generic name in gender. 'I be wiu 
albus, which means white, is masculine gender, the feminine aud • 
neuter being alba and album respectively. The correct naming 
of white Sardna, therefore, is Sardna alba and not Sardna albus 


or Sardna album. < 

The generic and specific names are often explanatory oi the 
Shane or arrangement oftbeceJIsasin Bacillus ox Staphylococc^. 
after some person as in Braceih or wetMl, after some iocalitf 
as in mdUensh or nwcnrrfc descriptive of some property ns m 
aureus or pyogeaes or denoting some disease as tn tubereutosa 

“ 'min a name is added after the systematic name of the 
sne'cieii'for insthnee Bacillus subttta Cohn ,t m«ely , nd, rates fte 
Sr 'vho' fimt pnWished the name and not the person svho 
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•first discovered or'described the giedcs. The use of trinomial 
and quadrinomial names is' uncommon in bacteriology. Casual 
or common names, like gonococcus, tubercle bacillus, typhoid 
bacillus, plague bacillus and the like, arc very freely used in pre- 
ference to more 'formal systematic names. 

A generic name can be applied to only one genus. If more 
than one name has been applied in the past to the same genus or 
species the law of priority requires that the oldest published one 
should be recognised as its correct name. Schaudinn, in 1905, 
called the newly discovered organism of syphilis Spirochaeta 
pallida. It was then pointed out that the name Spirochaeta had 
already been applied by Ehrenberg in 1834 to a different organism, 
thus making it untenable to use iffor the new group. The generic 
name Spironewa was later on proposed to it. It was again found 
that this name also had been previously used to denote certain 
groups of higher forms of life and consequently jt was not per- 
missible to use it. Microsplranema was then proposed as a generic 
designation. But Schaudinn himself had by this time published 
the name Treponema for the new genus, and so following the 
law of priority the valid name of (he organism of syphilis became 
Treponema poHidum. 

' ' Taxonomy. Taxonomy is that branch of biology that deals 
with classification or the- Orderly arrangement of plants and 
animals, A suitable nomenclature is indispensable for its deve- 
lopment, 

' Species (pleural, species) represents a group of individuals 
possessing identity of behaviour and form. Such groups of like 
individuals, or species, constitute the unit of classification. The 
similarities and resemblances marking off the groups should 
exhibit a certain amount of constancy when' tested over long 
periods and wide fields/ Again, the common characteristics 
should be based On natural attribotes as opposed to artificial ones. 
The original culture employed in the study of the specific group 
characters for the purpose of establishing the species is calle'd'the 
iype cuiiure. - ’ 

' Variations such as the Smooth (S) and -rough (R) types or 
the filterable forms called the <5 types evinced by certain orga- 
nisms are not sufficiently constant or pronounced for constituting 
separate species. ‘ They ' arc’'but random' deviations occurring 
during the bacterial life, the salient 'specific features remaining 
N., 18 
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unaffecred. Terms like ''variety/’ ,‘Tacc/'r-‘stram”aod 
arc eznproyed to denote some minor diflercDces in the propetth 
0 .the species. Such minor, dincrences, -though 'natural, aw 
considered too trivial to form bases for creating separate species. 
Examples of these are.types of pneumococci.aypes'of tubcrcie 
bacilh, asporogenjc variety of S.' subtnis and tbeMe. ^'WjtfcoDt 
doubt, the position regarding these minor subdivisions will hve 
to be revised when we come to>know more completely aboirt 
such minor characteristics. . , 

Genas, On farther examination, a number of species ff-iU 
reveal some similarity of features between them, .'but the extent 
of it will be less than what exists inside any such individual group- 
5ucfi corre/ated species arc grouped together under a larger calc' 
gory—thc genus. Again, those common generic features must 
be natural and constant. As the groups go on widening or mote 
comprehensive the common group characters go on narrowiog. 
A genus may have one or more species in it. Analogous to the 
type culture there is the type species, he, the hrst species studied 
and pronounced as belonging to a genus. Other species inciuitd 
in the genus will show constant -and close relationship with thf 
type species. 

The absence of any clear definition of the conupt of gtauj 
is indeed a great hindrance in the progress oT slabiliwng dassi- 
freation. On the question of the degree of siwibrily that should 
exist among iVic species of a group to entitle them to coastitub 
the same genus there is no general egreement. Jo no small degree 
has this contributed to the confusion in terminology. Added to 
this is the difficulty due to the fewness of genera that have 
received official recognition. Recent years have witnessed lie 
creation of several new genera* but they have not received inter- 
national agreement. That is mainly because the differentiaiing 
criteria forming the bas» of «ich creation have not appeared 
sufficiently weighty. In spite of of^cial non^ecognition, many 
of them have received international usage. The names Salmottem 
and Sruedk iltoiratn lb». On olS« ftand, 
nMcric stm^, thmsh ffcognbtd.l.y,«rta« 
fcited in safe wy WM' ““"“O'- olmcbm AUfm. 

Phrr/hpJJa ShiaeUa and Btherichloi^ In the absence of any 
different bacteriologists follow different schemes. 
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Eberthella typhosa. Bacillus iyphosvs and Bacterium typhosum. The 
inevitable result of all these is a lack of uniforinity and a pleo* 
thora of confusion. In the interest of taxonomic stability it is 
highly desirable to use, as far as reasonably possible, only such 
names as have reccTvcd the largest measure of agreement among 
systematists. ' h ' 

A group of related genera constitutes a family. The name 
of the family ends in -aceae (added to the root) as in Bacillaceae 
which contains the two genera Bacillus and Clostridium. The 
word denoting family is regarded as pleural. Sometimes families 
are subdivided into subfamilies, these into tribes and these finally 
into genera. A group of related families constitutes an order. 
The word denoting order usually ends in -u/er as in Eubacterioles. 
The term class connotes a group of related orders, e.g. Schizo- 
mycetes. The terms phylum and kingdom are still more compre- 
hensive groups. 

Bacteria are difficult to 'chssify. Their simplicity of stru- 
cture is in no small measure responsible for this. Due to this 
simplicity, morphology, the almost exclusive guide in the classi- 
fication of higher forms of life, isjnadequate for the classification 
of bacteria. For this, therefore, physiological characters, which 
are regarded only as of minor taxonomic importance ^among 
higher forms of life, are also depended upon in addition to morpho- 
logy. Due importance, no doubt, is accorded to the latter. In 
fact, morphology forms the basis of primary subdivisions of 
micro-organisms. But characters like metabolic activities, patho- 
genic properties and antigenic structure find valuable application 
in the systematisation of bacteria. It should, however, be 
remembered that there are still many wide gaps in our knowledge 
of bacterial physiology. Only.impcrreclly do we know about the 
significance of many features which have been suggested as criteria 
for differentiation. The question of validity of accepting them 
as important for. classificatory purposes has naturally led to dis- 
agreement among bacteriologists.' Considering these many diffi- 
culties, it is not surprising that a final unassailable system. of 
classification has not been reached, 

No fewer than sixty to seventy schemes of classification of 
bacteria have been proposed. The very multiplicity of these is 
indicative of their ^unsatisfactory namre. • They have been sum- 
marised by Buchanan, Breed and other systematists. Most of 




THE GL'ASSIFICATION'OF BACTERIA 


357 


' ' TABLE IX 

Class; Schizomycetes < 

' [Abstract from Bergey's Manual (1939) w/rA certain modifications] 

Order Family GemiJ 

Eubacteriales Nitrobacteriaceae Nitrobacter ' 

Nitrosomonas 

Ditrosococcus 

Rhlzobiaceae Rhlzobiutn 
Fseudomonadaceae Pieudcmonas 


Acetobactenaceae 

Aaotobacteriaceae 

Micrococcnceae 


■Neuwruceac 

Parvobacleriaceae 


Lactobactcriaceae 

Enterobactenaceae 


Bactenaceae 


' Bacillaceae 

, Mycobacteriaceae 

Actinomycetale Actinomycctaceae Lcptotndua 
Eryiipelothrix 
Actinotnycea 

Spirochaetales Spirochaetaceae Spirodiaeta 
.Sapnnpira 
Oucupm 
Iteponema 
Leptospira 


Rickettsia Systematic position 
Vmn not yet defined. 


Vibno 

Spinlla 

Acetobacter 

Arotobacter , 

Micrococcus C Staphylococcus aureus 

Staphylococcus < Staphylococcus albus 
Sarcina l^Siapfylococcus eitreus , 

Rhodococcus 
Diplococcus 
Stnrptococcus 
Leuconostoc 
Netssetia 
Veilloneila 
Risieutella 
PfeiffereUa 
Brucella 
Haemophilus 
Dtalisicr > . 

Lactobacillus 
Chromobacterium 
Acbromobacterium 
Zopfius , , 

Proteus' 

Bactenum ' 

Listerella (Monocytogenes group) 

Actinobacillos 

Bacteroides (Necrophonis group) 

Fusobacterium 

Bacillus 

Clostndium < 

Corynebacterium 

Mycobacterium ’ 


(Pneumosmtes group) 
, (Aadopbilus group) 
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them have now only historic valae. None of these schemes has 
received intetnational sanction, Unfortimately, therefore, the 
selection of a system still remains a inaiter of individual prefe- 
rence. The classification that is, widely used at the present time, 
tnough with amendments, is the one recommended by a Com- 
mittee (i920) of the Society of American Bacteriologists. The 
labours of this Committee have created much order where utter 
chaos reigned. None of (he existing systems has any claim to 
finality. A stable classification is still in the process of evolution. 
With advance of knowledge what has been codified is bound to 
undergo considerable changes. 

The commofl mode of classifying the pathogenic micro- 
organisms into the Gram-positive and Gram-negative groups 
has not much taxonomic significance. Nevertheless, there is 
much to commend it as it serves as a simple and useful guide for 
difTcrentiation. 

All forms of life arc brought under two broad groups, the 
plant kingdom and the antiaal kingdom. Below or between these 
large divisions there still exist what are apparently living things 
but possessing no distinctive features of either of these kingdoms. 
They are very primitive fonns, extremely minuic in size and 
undiflerentiated in structure. To include all these lowest and 
undefined forms the term iVo/trw has been suggested by Haeckel. 
For many reasons, including the absence of any definite demar- 
cating line between it and the animal and plant kingdoms, this 
suggestion of creating a new group has not been accepted. 

Bacteria arc among the rimplest and the lowest fonns of life 
and are provisionally placed in the plant kingdom parallel in 
position with protozoa, the lowest forms in the scale of animal 
life. Not that bacteria exhibit the plant characters in toto; on 
the other hand, they show significant departures in ths respect 
while having certain characters in common with animals. In 
the absence of chlorophyll, in the possession of organs of loco- 
motion by many and in certain complex food requirements of 
others, bacteria differ from the higher forms of plant life and 
xesembie animals. Thus, a sharp differentiation is not almys 
possible between sonae of the )oivest forms of the two great groups. 

Thev merge into one another at certain points. Though the 
STOUP comprises' a diversify of devdopmente! forms, yet at one 
md the actinomycetes are closely altin to the rmgj ead st the 
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other the splrochaetes to the protozoa. Hence, bacteria would 
appear as a connecting link between the vegetable and animal 
kingdoms. 

The plant kingdom is subdivided into four phyla — TliaUo- 
phyta, Bryophyta, Pteridophyta and Spermatophyta. Thallophyta, 
or plants with no differentiation into root, stem and branch, 
includes bacteria. Thalhphyta is split up into two subphyla — 
Algae containing chlorophyll and Fungus having no chlorophyll. 
The latter is further divided into several classes, and of these the 
class Scluzomycetes, or the fission fungus, includes the bacteria. 
So far seven fairly well defined orders have been recognised in this 
class. Each of these has been further subdivided into families, 
tribes, genera and species (refer Table Vlll). Among the orders, 
the £u6ac!en'afes, which form the largest and the most hetero- 
geneous group, are also the most primitive and the least diffe- 
rentiated of them all. The orders Eubacteriales, Actinomyeetales 
and SpirochaeraUs contain all the pathogenic micro-organisms 
(Table IX). 

The systematic positions of the rickettsia (some species of 
which cause typhus) and the virus, bdlh of comparatively recent 
discovery, remain yet undetermined. They are provisionally 
included under bacteria. The study of the lowest forms of life,’ 
embracing bacteria, fungi and protozoa, all too minute to obseive 
without a microscope, constitutes microbiology.-' Bacteriology thus 
forms a part of microbiology. 




' ' ‘I » 

CHAPTER XVI 

STAPHYLOCOCCUS, MICROCOCCUS AND SARCINA 


The staphylococci arc the commonest pyogenic organisms. 
Koch and Pasteur had both observed them in pus, but it was 
Ogston (1-881) who demonstrated their constant association-with 
abscesses. He also proposed the name Ssopfjylococcus to indicate 
the group. Their causal relationship to localised suppurative 
conditions, -suppuration of wounds and to osteomyelitis was 
established by the detailed studies of Rosenbacb (1884). He also 
was the first to grow them in pure culture. He obtained two kinds 
of staphylococci, yielding growths of different colours, and named 
them Staphylococcus pyogenes aureus and Staphylococcus pyogenes 
albust according to the colour. In the following year Passet 
discovered a new variety which produced an yellow pigments 
be called it Staphylococcus pyogenes citreus. Since then, several 
new species have been described, but their validity is open to 
serious question. 

The 5t3phylococci are Craro-posilive cocci arranged in 
irregular groups simulating clusters of grapes, Hence the name. 
The irregularity in the arrangement is due to the fact that the 
cell division in successive generations takes place in all directions 
with no Gxty in the planes of division. The characteristic 
grouping is most evident in pus and least in fluid cultures. 
Single cocci, paired ones, tetrads and diort chains of three or 
four elements are also encountered. Practically all cocci arc 


BOQ'motilc. 

From the colour of the growth three species of staphylococci 
have been -defined : Staphylococcus aureus. Staphylococcus albus 
and Staphylococcus cUreus. The classification of the staphylo- 
coccus still rests on pigment production. This is unsatisfactory. 
As pointed out elsewhere, pjgmwif production is inconstant, 
depending upon a variety of attendant conditions. The nature of 
piement is also not a reliable index of pathogenicity. Again, no 
biochemical tests serve as sure criteria for the differentiation of 
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species. Serological procedures,* like the agglutination and preci- 
pitation tests, have been tried, but they have not been accepted 
as a routine measure for identification. Other methods of classi- 
fication have been suggested. One of them is based on the capacity 
to elaborate coagulate. The pathogenic staphylococci have been 
shown, to be characterised by coagulase production. Other 
characteristics found correlated with this are the production of 
haemolysin, fermentation oLmannlte and liquefaction of gelatin. 
Among the coagulase-positivc strains are most of the aureus and 
some of the albus types. Citreus strains are inert in this respect. 
It has been, therefore, suggested that the designation Staph, aureus 
should be applied for those forming coagulase and (he rest be 
lumped together as saprophytes. 

Staphylococcus Aorens Rosenbach (aureos =» golden). Habitat. 
This organism is present on the normal skin and mucous mem- 
branes, in dust and often in cow’s milk as a contaminant. It is 
mostly concerned in the production of suppurative lesions and 
is found in them. ■ ^ . 

Morphology and Staining. They are small spherical cells, 
ranging between 0*8 and I ‘Oft in diameter. Probably the albus 
strains are slightly larger than the aureus strains^ In cultures on 
solid media and in pus, the cocci are massed in irregular clusters; 
in broth culture the .grouping is not characteristic and solitary 
cocci, paired ones, tetrads and short chains are quite'common. 
They are non-motilc, non-capsulatcd. 1 'licy stain’ readily: with 
the usual coal-tar dyes and are strongly Gram-positive and not 
acid-fast. Irregularity of staining is a common feature of old 
cultures and organisms in pus, especially the phagocytosed ones; 

Growth Requirements. The staphylococcus is not fastidious 
in its food requirements ; it grows readily on all ordinary media. 
It is an aerobe as well as a facultative anaerobe. The optimum 
temperature is 37* C, but growth occurs between 12“ and 45“ C. 
The optimum pH is between 7*4 and 7*6 Toxins, are best pro- 
duced in certain special media (Walbum’s) and under a high 
(20-25 per cent.) carbon dioxidc'tcDsion.., ’ , 

- Cultural Characters. ■, The growth on solid media is abundant, 
opaque; smooth and coloured a rich golden yellow. The colonies 
on -agar appear , as discrete, circular, - low 'Convex, glistening; 
^coloured(discs, 1-2 mm. in diameter after twenty-four hours. On 
blood agar plate the colonies are similar in appearance but larger 

T 
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and surrounded by a clear zone'ofvhacmolysis (fitype).. There 
is anifocra -turbidity when grown in broth. . No pigment pro- 
duction is noticed in fluid cultures, ‘ ■ -r r- • 

’ Bioc&erafcal Reactions.' Various-' carbohydrates, ’'such as 
glucose, lactose, saccharose, mannile and maltose, are fennenled 
■with the production of acid. Gas is-never produced, Rsffinose, 
salicin and inulin 'are- not* attacked; Mannite fermentation is 


-characteristic of practically all aureus strains. - ' 

■ ' A specific enzyme, getemose.'is' formed and so 'gelatin is 
liquefied during growth. In milk both acid and clot are produced ; 
the iatter may or may not be digested. The organism produces 
a golden yellow pigment, best on potato and at 22“ C, IVitb 
continued cultivation colour production is reduced or even lost. 
The pigment is not toxic; it belongs to the carotenoid group; 
-its function is not knotvn. A filteraWc hacmolysin is fotmed, 

■which is most active on rabbit’s erythrocytes, . 

Resistance. Staphylococci are rather hardy organisms. They 
are destroyed by heat at 60” C. in one hour and 'by 2 per cent, 
phenol in fifteen minutes. Desiccation is resisted fot long; in 
otd cultures the organism retains its viability for many days and 
even months. The organism is very sensitive to various organic 
dyes’ fot example, brilliant green in a dilution of 1 ; 10,000,000 
■is destructive to it. The antibiotic peniciUin is lethal to it even 


in much higher dilutions. c 

Toxin Ptodnctlon. Under suitable conditions of growth, 
■most of the aureus strains elaborate certain soluble toxins, rie. 
baemoivsin acute killing factor, necrotoxm or dcrmotoxiu, and 
le^odd'in, ’ In addition to these, a number of other toxic factors 
have been described: coagulase or plasma coagulating factor, 
snreading factor and enicrotoxin. Some strains are also said 
re produce a fibrinolysin. The toxic nature of the endotoxin 

'^’’Thetaemol^i’n consists of at least two different types; the 
■ . acts both on rabbit and sheep red cells, causing 

ti.lysin wtaeh 

rapid lysis at twperature but 'after a pre- 

ccHs. eaus.aglys«only at oroinm,_ ^ 

Jifflinary aUp been described. These haemos 

haemolysm, ^ different. The toxic filtrate, when injected 
jysins are , „hW,., causes almost imme- 


intravenoTJS^y 
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diite' death in virtue of the acute killing toxin. The necrotoxin 
causes on intradermal inoculation acute toxic necrosis of tissues; 
the leucocfdin exhibits a destructive action on the leucocytes. 
The last one has been claimed to be distinct from the other three. 
It is regarded by many authorities that these various factors 
represent only different activities of one and the same toxin under 
different conditions of action. 

Certain strains of Staph, aureus produce a filterable toxin 
which acts as an acute irritant of the gastro'intestinal tract and 
for this reason called enterotoxin. It is different from the other 
toxins mentioned above and is heat stable. It is the cause of 
one form of food poisoning, milk and milk products being the 
usual incriminated articles of food. 

Many strains of staphylococci form an enzymic factor which 
exhibits the capacity to coagulate blood plasma; it is called 
coagulase or the plasma coagulating factor (p, 215). There seems 
to exist a close correlation between the pathogenicity of a strain 
and its coagulase-producing capacity. The coagulase does not 
seem to be a true toxin. 

Extracts made from strains of staphylococci when injected 
into the skin reader it more penncable to invasion by staphylo* 
cocci and certain other organisms. This is called the spreading 
factor (p. 216 ). 

Pathogenicity. Staph, aureus is pathogenic to man and experi- 
mental animals, such as rabbits and to a less extent guinea-pigs 
and mice. It is one of the commonest human pathogens. Pra- 
ctically all aureus strains arc pathogenic. Under certain condi-’ 
tions, staphylococci seem to penetrate the intact skin, probably 
through the sweat ducts or along the hair follicles. They are 
also constantly present on the normal skin. Hence, it is not 
surprising 'that man is subject to frequent staphylococcal affe- 
ctions' ‘ 

Typically, the staphlococcal lesion is a localised one and the 
characteristic pathological reaction is the migration of leucocytes 
to the infected focus. Staph, aureus Is responsible for many of 
the suppurative lesions in man, such as abscesses, boils and 
carbuncles. Invasion of blood and' internal organs may also 
occur," leading to acute osteomyelitis, periostitis, septicaemia and 
pyaemia. A very fatal fonn of staphylococcal pneumonia has 
been described. Cases of intractable urinary sepsis and recurrent 
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nasopharyngeal catarrh are often due, to Staph., aureus. Staphylo- 
cocci may cause inflammation of any part of the body. They 
are also found in mixed infections and as secondary invaders, 
particularly in -infections of the upper respiratory tract. The 
organism can be easily recovered from all these lesions.-,^ Staphylo- 
coccal food poisoning is discussed under food poisoning. 

Of all the experimental animals, therabbit is the most suscepti- 
ble to staphylococcal infection. Subcutaneous inoculation with 
a virulent strain produces a localised abscess. The intravenous 
inoculation of 0 *1 c.c, of a 24-hour broth culture kills the animal 
in four to eight days. On, autopsy, various internal organa, 
particularly the kidneys and the heart, show the presence of 
minute abscesses. 


Natural infection among domestic animals is not very-com- 
mon. Cows often suffer from staphylococcal mastitis. A 
staphylococcus seems to be responsible for, the condition called, 
botriomycosis occurring-, in the equine animals. It is called 
Staphylococcus asco/ormans. In the lesions it occurs in colonies 
simulating actinomycotic granules. It resembles Staph, aureus 
in general characters. 

Diagnosis. The diagnosis, of staphylococcal infections is a, 


simple matter. A Gram-stained smear of the pus reveals the 
incgularly arranged clusters of Gram-positive cocci. The isolation 
is easy and blood agar is the medium of choice. In twenty-four 
hours fairly large colonies with /J-haemoJysis in the case of all 
cureus and some albus strains, develop on the medium. For the 
identification of species a culture has to be made on agar slope. 
The characteristic colour, golden yellow, white or lemon yellow, 
<levcIops in one or two days. But the exact type of the pigment 
is often difficult to determine in the «rly stages of growth. 
Other confirmatory tests are the production of haemolysin and 
-mannite fennentation. The former can be shown by the for- 
■mation of a clear zone of haemolysis round the colonies on 
Sood agar plate or, better sUlJ, by the laking produced when 
tcc of a five per cent, suspension of red cells is incubated 
■for one to two hours with 1 c.c. of a twenty-four-hour growth in 
l^th Jureus produces haemolysin and attacks mannite n/hur 
-C rarely form haemolysin but, does not attack manmte, whereas 
Xew does neither. Gelatin hquefaclion has praeucal difficnlt.es 
in its performance (p. 97). 
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The Coa'gulasc Test. The mere isolation of a staphylococcus 
is 'not always' enough;- determination of its pathogenicity is 
necessary in many cases. The prod'uction of coagulase is 
regarded as an index of pathogenicity. When necessary its 'pro- 
duction should also be tested for. Citratcd human plasma is 
diluted 1: 10 with normal saline. About O-Scx. of it is mixed 
with three or four drops of a 24-bour broth culture of the 
organism and the mixture is incubated at 37* C. A-- saline 
control should also be ' included. Coagulation usually occurs 
in one hour. Rabbit plasma may also be used instead of human 
plasma. ■ << . 

' Specific Treafinent. Vaccines arc of some use in the treat- 
ment of chronic and recurrenl^staphylococcal infections (p. 225). 
Autogenous vaccines are preferable to stock vaccines. 'Vaccines 
are prepared from a saline suspension of a 24-hour culture on 
agar and killed by adding 0 *5 per cent phenol. ' They are usually 
standardised to contain 1,000 roiUion organisms per cubic cesti- 
metre. 'The initial dose is 100^200 million cocci, worked up to a 
thousand million per-dose. '' The injections are given at inter- 
vals of 6-7 days, depending ui>on4he reaction. The immunity 
so developed is autibacterial only. The stimulation of the 
phagocytic mechanism seems to be its virtue. Toxoid seems to 
give better results than vaccines’.'- A combination of these'two 
would seem to yield better results than cither alone, as the 
resulting immunity would be both antibacterial and antitoxic. 
Tn acute and severe infections staphylococcal antitoxin, ' obtained 
from horses immunised with toxoid, has been tried with varying 
results. Large doses are required, given by the intravenous 
route. ' ’ • 

The toxoid is prepared by subjecting toxin of proved potency 
to the action of 0 •! per cent, formalin at 37* C. for about fourteen 
days. By this time the detoxication is complete, but the anti- 
genic power is ’not seriously affected (p. Hi). Usually feight 
injections are given starting with 0 -05 c.c. of the undiluted toxoid, 
gradually increasing ’ to a maxiiiium single dose of 0 -4 cubic 
centimetre. Local reaction and mild general symptoms may 
follow, but they are not serious. ^ • 

Cbemotberapy. Sulphatbiazole is of distinct value in the 
treatment of staphylococcal ‘infections; sulphapyridine' and 
sulphanilamide are less effective (p. 158). The discovery of 
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peniciiHn .is a distinct advance on , suiphonamides ; penicillia 
» highly cffccttve in al! types of staphylococcal infections 
(p. I55>. , . , ■ 

. Staphylococcus Albns. it .resembles mreus ntotpholorically 
and m growth characters. The.ettta type is .generally less active 
than tile aureus type. It is feebler than the aureus in its action 
on carbohydrates and in the production of haemolysin. 'The 
liquefaction of gelatin is not constant. Generally, it is'a'mildtr 
pathogen than Stahp, awetis. Colour production, .however, is 
not always a sure criterion of pathogenicity; not uccommonly 
<ilbus strains comparable in virulence to aurm strains ate 
encountered. Rarely while colonics^ gr^w from a purely oureuy 
stram. Such a(dvs variants are very virulent’ An albus variety 
normally present on the skin as a commensal has been named 
Staphylococcus cpidermidis. 

Staphylococcus Citreus. , This, is a rare variety and produces 
n Umon yellow pigment. Gelatin liquefaction is stili Jess coi)- 
staat than in the case of a]bus\ in biochemical aciivilies it is pra- 
ctically inert. It appears to.be, non*patho|enic. 


MiCROCOCtUS 

The genus Micrococcus comprises spbericaJ ceJJs arranged in 
pahs, tetrads or groups but not in grape-libc clusters oi chains. 
They are generally Gram-positive. They are biochemically weak. 
Some of the species form an yellowish pigment. 

, Micrococcus Tettagenus. They arc cocci occurring in clusters 
of four and frequently (oaad on the mucous membranes of the 
upper respiratory tract. Multiplication lakes place by tie indi- 
vidual element dividing successively in two planes airigbt angles, 
forming tetrads. In tissues each group of four is surrounded by 
a capsule. The organism is strongly Gram-posiUve. 

Micrococcus tetrasenus is an aerobe and IkeuUative anaerobe. 
The optimum cemperaturc for growth is 37® C. Jt grows well on 
all ordinary media, some strains rather more slowly than others. 
The growth on agar is white in colour, resemblitig that of Staph, 
albus. Gelatin is not liquefied. , , > ... 

It is of doubtful pathogemcity W man. Probably itjs waWe, 
to invade the human tissues, except under condilfons of lowered 
resistancfc Frequently it is present in .the sputum in cases of, 
l^lmonaiy tuberculosis, lung>bsc^,afid other inflammatory 
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conditions of the lungs and ‘the tsc^rrirr* '‘■r- 'tt 
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. SAUCINA 

The Sarcinae are Gram-positive cocci arranged in cubical 
packets due to the cell division taking' place in three planes. 
They ate not pathogenic^ The aerobic ones are pigracnt-producc’rs, 
Sorcina ventrlculi is dccasionaiiy found iti'the stomach contents 
of patients suffering from gastric diseases. ’ ' ■ ' 



CHAPTER X\TI 


STREPTOCOCCUS 

/ r. 

The Sireptococci constitute an important group of pyogenic 
cocci that grow in the form of chains. Their relation to diseases 
of man was first noted in the case of erysipelas. The constant 
presence in this disease of cocci, existing in the form of chains, 
was first observed by Koch (1881). In the same year Fehleisen 
also made the same observation: further, he succeeded in growing 
the organism in pure culture (1883) and called it Streptococcus 
of erysipelas. The term Streptococcus v/as first used in a generic 
sense by Rosenbach (1884) to .describe a chain*forming coccus, 
which he isolated from acute abscesses in man. He gave it the 
binomial specific name Streptococcus pyogenes. Further proof 
of its causal relationship to >$uppurative lesions in man was pro« 
vided by Ogston. Since then, a large number of streptococci 
have been isolated from human, animal and other sources. ' 
^^reptococci arc spherical or ovoid cells, occurring in chains 
of variable length or in pairs.'TTypically, individual cells divide 
only in one direction, and Ihc^ements of the successive genera- 
tions remain close together instead of separating off comple'tely. 
Hence the chain formation.LAs a rule, they are not capsulated. 
Generally, they are Gram*positive and non-motil^ Most species are 
aerobic and facultatively anaerobic ; some are strictly anaerobic.') 
rs^ptococci are normally present in the air, water, milk and dust ; 
out the majority of them are non-pathogenic. Many species are 
found as normal parasites on animals and man, and some are 
highly pathogenic to bothr^ . 

Clasiification. The classification of. streptococci. is far. from 
satisfactory. Many differential criteria have been suggested 
from time to timcj but none of them has proved satisfactory as 
the sole basis of classification.. On the basis of oxygen require- 
ments, an initial classification may be made into the aerobic and 
the anaerobic streptococci. Not much is known about the latter ; 
they seem, to constitute a relatively small group. ' i . 
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Attempts have been made to c!ass% the organism on the 
basis of morphology. With the exception of enterococci, the differ- 
eaces in the morphology of (he streptococcal cells do not offer 
any nrd in classification. The si^o.fjlmlmm formed has been 
employed as a ba^ for diircrenti ation. But soon it became 
evident that this method too is not rejiabh, as chain Tonnalion is 
a variable factor, depending ufioii Ih’e circumstances of growth. 
With nny one type the length of chain formed svas found not a 
constant feature. Even a single strain, whether virulent or not, 
may sometimes grow in 'short and sometimes in long chains, con- 
ditioned by the growth environments. Enormoasty long chains 
of the comparatively less virulent anhaemolytic type are not 
infrequently seen, particularly in suppurative lesions of the lung, 
while the very virulent haemolytic type may at times appear-in 
short chains in purulent materials. Thus, chain formation is not 
a stable feature and cannot be relied on for dassiScation. Hence, 
there is no justification in retaining terms like Srrepfococc ta hnpis 
and Streptococcus brevis. ""T-’’ 

FcrmTntatlve characters have been employed as dlfiercntia! 
criteria and many schemes of classification based on them have 
been put forward. Although certain of these characters are' of 
some diflerentialing value, for example the fermentation of 
roannhe and aesculin by the faecal streptococcus, it is doubtful 
whether fermentation reactions are, on the whole, stable enough 
to form bases for classification. 

'Differentiation was sought to be established oxr clinical 
grounds, but it is unscientific and has only led to greater chaos. 
Names like Strepiococci/s erysipelatls. Streptococcus scarletinae 
and/the like have no systematic value and should 'be avoided. 

A number of old names are based on the source of the<orga- 
nnistn. Such are Streptococcus salivarius, Streptococcus hetis 
and.' Streptococcus faecalis. These names, though not based on 
strictly scientific criteria, have, nevertheless, come to stay. 

Bacterial Haemolysins. Many bacterial species • elaborate 
during growth certain factors lytic on the erythrocytes of higher 
animals, which are, therefore, called haemolysins (p.W). When 
growing on blood agar, they cause haemolytic 'changes in the 
fflcdiuro immediately surrounding the colony, producing certain 
characteristic appearances. Some ' species produce ' complete 
haemolysis round their colonies, giving rise to' sharply defined. 
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clear, colourless zones in sharp contrast to the reddish opacity 
of the medium. These zones vary in size with different species. 
No intact corpuscles arc left in the zone as shown by the micro- 
scope. This is called the p type of haemolysis. Other species 
produce a greenish discoloration of the medium instead of com- 
plete clearing. Immediately round their colony is seen a greenish 
zone which is pot well defined, and outside this is another narrower 
clearer but not discoloured zone. In the greenish ,zone many 
intact but discoloured corpuscles are seen under the microscope, 
but in the outer clear zone only a few cells which are never dis- 
coloured are present. This type of partial haemolysis is called 
the G-type. It has been suggested that the greenish discoloration 
may be due to, the formation of a green pigment which is jiro- 
bably an oxidation product of haematin. Another view is that 
it, is due to the formation of mcthaemoglobin. Against this is 
the, fact that the green colour is more marked when the organism 
is grown on media -containing heated blood. - 

As originally suggested by .SchottmuIIer, the. hafiinclylic 
gropfirty, as ob served .on blood, agar, has been provisionally 
accepted as the b yis of p riinary . class ification. Not that it is 
altogether, satisfactory, but there is ho other stable criterion' so 
far discovered. With reference to it, all the aerobic streptococci 
can be brought under three groups. Those that cause comple te 
lysis of the r ed cells, producing ^clcar zone round colonies o n 
blood agar, are grouped as ha emolytic streptococci , or the /3 typ e. 
Th ey c orrespond to Schoitmullcr’s Str. Jiae molyt icus. Usually the 
term .haemolytic, as used thus, merely indicates haemolysis on 
blood agar and it should be remembered that a filterable haemoly- 
sin has not been isolated from all streptococci haemolytic on this 
medium.{3treptococci that bring about changes in the. blood 
marked by the production of a greenish discoloration of tbe^ 
medium round the colonie^as mentioned above, are called viridans 
streptococci, or the a type. Schottmiiller called such strains 
S(r. viridans , .^TTie rest of the sp ecies are apparently.inert to the 
red cells and present ho visibkrhanp.es nf the-blood mediu m during 
growth. -,They are grouped togelh.ex_ as the anhaemolvtic O Lthe 
non -haemolytic's treptococci, so metimes referred to as the y typ e. 

^ iThese groups are very ,br6acrand h^erageneous, cachTcon- 
taining several subgroups and types with wide variations in patho- 
genicity, biochemical , and immunological properties and in 
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habitat. Hence, it is highly undesirable to represent each of these 
groups as a single species. Streptococcus haemolyiiais,' Sirepto- 
coccus vMdans and Streptococcus anhaemojyticus, as is often dose. 

^ Recent attempts to classify streptococci on the basis of their 
antigenic dificrcnccs have led to what appears to be a more rcIfaWc 
scheme of classification. Antigenic fractionation of the strepto- 
coccus shows a complex antigenic maJfc-ap. Three aatigemc 
fractions have been identified! a type-specific protein **M” 
which is specially abundant in freshly isolated virulent strains,' 
a group-specific carbohydrate hapten “C” which fonss' an 
integral part of the bacterial cell and a non-specific nuclco- 
protcin “P” which is common to all strains of streptococci and 
also to pneumococci and staphylococci. Yet another antigea 
“Y”, of which little is known so far, has also been recognised. 
In addition to these, one more antigen, designated ’‘T” substance/ 
has been identified recently. Tt is also type-specific but different 
from the M substance.' Unlike the latter, it resists proteolytic 
digestion. The M substance is found only in mucoid or malt 
colonics, whereas the T factor is found not only in mucoid and 
matt but also in the aviruleat glassy colonics. The T substance may 
occur in association with the M factor or independently of it.' 

Employing the preeipilation reaction, Lanccficid and collabo- 
rators have shown that all the known strains of tbe haemolytic' 


variety fall under nine immunologicaily different groups. These 
are indicated by the letters A, B, C, D, E, F, G, H and K. 
Recently, three more groups, L, M and N have been added, thus 
making a total of twelve groups. Grouping depends upon the 
group-specific polysaccharide antigen C. Tbe soluble carbo- 
hydrate C of one group is different antigenically from that of 
another group. That is, there arc twelve different kinds of C 
substance, each specific to a particular group. The association 
between the haemolytic property and the grouping is somewhat 
loose. Some groups at least contain non-haemolytic strains; 
for example, Sir. hctis which is uniformly non-hacmoIytic is 
assigned to Group N, as it contains a special kind of group- 
specific polysaccharide C antigen. Again, it is‘ important to 
bear in mind that the term haemolytic, as used here, refers only 
frt the Ivtic phenomenon displayed on solid blood agar and docs 
Wnt imriy the elaboration of a filterable haemolysin; no filterable 
has been obtained frbm all hnemorytic members. 
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This grouping is to a large extent correlated with the natural 
habitat of the organism. The human pathogens mostly fall under 
Group A, and Groups B and C mainly represent animal patho- 
gens. The term Streptococcus pyogenes, .first introduced by 
Rosenbach, corresponds. to Group A; it is not synonymous with 
the terra Streptococcus 'haemojyticus which is better avoided for 
reasons given above. Some of the strains falling under Groups 
C,- F and G would seem to be feebly pathogenic to man. They, 
arc often found normally in the upper respiratory tract, mouth,' 
intestines and the genitalia. Any one of them may sometimes 
be isolated alone from suppurative conditions. The other groups 
are not known to be definitely pathogenic to the human beings. 
The occurrence of Group B infection in man has been reported ; 
organisms of this group may be found as commensals in the human 
vagina and throat. Haemolytic streptococci are normally found 
in the nasopharynx of about 20-25 per cent, of healthy individuals 
In the temperate regions. This appears to be too high a- figure 
for the tropics. Groups B and C contain mostly animal patho- 
gens. Group B includes strains isolated from cases of chronic 
mastitis in cattle. It contains both haemolytic and non- 
haemolytic strains all possessing a common group-specific poly- 
saccharide antigen. This group coirespoods to Str, agahetiae. 
Outbreaks of sore throat and scarlet fever due to haemolytic' 
streptococci of boiine origin have been reported, transmission of 
infection occurring through milk from cov/s suffering from mastitis. 
By agglutination and agglutinin-absorption tests, pathogenic 
haemolytic streptococci have been divided by Griffith into twenty- 
seven serologically distinct types. Recently, three more types 
have been identified, making a total of thirty .types. Of these, 
26 types belong to Group A. The protein component M present 
in any one type is peculiar to that type, and this forms the basis 
of differentiation between types. Any one of the 30 types may 
be encountered in the human lesions, but most of them are of rare 
occurrence. Types 1,2, 3, 4, 6 and 8 are the common ones. 
The other groups are also heterogeneous and the existence of 
specific types in some of them has also been established. For 
instance, three of Griffith's types. Types 7, 20 and 21, belong' to 
Group C and Type 15 to Group G. 

Streptococcus Pyogenes Rosenbach. , Streptococcus pyogenesds 
another important pyogenic organism. It causes several serious 
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disease entities and is responsible for many acute and chronic 
ailments, alone or in combination with other organisms. 
Morphology and Staining. Streptococci .> are ' spherical or 
ovoid COCCI, 0-6-1 -Op in diameter, arranged in chains of varying 
length. Chains of less than ‘eight cocci' seldom occur, but on 
solid medium the cocci may occur in pairs. Distortion in the 
shape of. individual elements is a frequent phenomenon, espe- 
cially in old cultures. They are non-motile, non-sporing and 
usually non-capsulatcd. They arc Gram-positive 'and non-acid* 
fast, i 


Growth Requirements, This organism is more fastidious in 
its food requirements than Stnph. pyogenes and docs not grow 
well on ordinary media ; enrichment with materials like glucose, 
blood and scrum markedly improves growth. It is aerobic and 
fbcultatively anaerobic. The temperature range is between 25* 
and 42® C. with an optimum oiZVC. 

(^^.>*CulturaI Characters. On agar Streptococcus pyogenes grows 
as discrete, minute, pin*point, translucent, convex, slightly granular 
discs less than I mm. in diameter after twenty-four hours' incuba- 
tion. ^On blood agar the colonies arc larger and surrounded by 
a zone of ^-haemolysisi The colonies have a granular surface 
with a rough appearance, especially when the strains arc recently 
isolated. This type of colony is referred to as “matt". There 
seems to exist some correlation between virulence and the matty 
appearance. On subculturing, the rough and matty strain dis- 
sociates into rough and smooth colonies. jTbe smooth "glossy" 
variants will have lost the •virulence; Intermediate rough aviniicnt 
variants have also been destrilwd. Ohe R-S variation is found 
to be associated with the loss of the specific protein component 
M of the organism (p. 345). A "mucoid" type of colony con- 
sisting of virulent forms may also occur. 

/ In fiuid media Str. pyogenes usually grows in long tangled 
chains which remain at the bottom as a granular deposit, leaving 
the supernatant fluid clear, Sometimes growth may take place in 
short chains, causing genefal _turbid iy of the meditmy In any 
case there is a close association between the type of growth in 
a fluid medium and the length of chain formation,^ the shorter the 
chain formed the greater the turbidity. ‘ ' ' • ' ' ' 

,, Biochemical Activity. Many sugars, hke glucose, lactose, 
maltose, ‘salicin and trehalose,'afe fermented with the production 
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of acid but not gas; inulin, sorbite and ralRnoseare not fermented ; 
mannite may be occasionally attacked. Sir. -pyogenes does' not 
hydrolyse sodium hippurate. Litmus milk is rendered acid but 
not sufficiently to cause clotting. Indole is not produced and 
gelatin is not liquefied. ,A filterable haemolysin is formed. 

The haemolysin is produced early during growth. On blood 
agar it causes the ^ type bf haemolysis. Both superficial and 
deep colonics produce haemolytic clearing. - Some of the viri* 
dans type occasionally show a complete pseudoclcaring.on surface 
seeding, but this does not occur with deep colonies. For this 
reason shake cultures are far more reliable for demonstrating the 
presence of haemolysin. For uniformity of results, blood from 
the same source should be used in all experiments. Horse blood 
is preferable. A still better test for the demonstration of baemo- 
lystn is provided by the action of a fluid culture on a suspension 
of jed cells in physiological salt solution. By this method lysis 
is produced only by the beta strains (p. 213). i 

Resistance. Streptococcus pyogenes is a more delicate orga» 
nism than the staphylococcus. It dies olt-soon in culture but 
survives for a longer time if kept at a low temperature. Grown 
m Robertson’s meat medium and kept at O^C, ,the organism 
remains alive for a very long time. Cultures may aIso.be pre- 
served by the lyophiUc method (p. 137). Heat at 55® C destroys 
the organism in 30 minutes. ' Bile docs not dissolve the organism 
but inhibits its growth. ' ■ • i. 

Toxin . Froduction. In addition to a powerful endotoxin,- 
Str. pyogenes produces under suitable conditions a -number ,of 
soluble toxins, viz. haemolysin, Icucocidin, fibrinolysin and the 
erythrogenic toxin. Filtrates from culture likewise show the 
presence of a spreading factor, also termed the diffusion factor. 
Here again, as was remarked in the case of Staph, aureus, some of 
the toxic, factors may- be different entities or may. represent 
different effects of a single toxin. i .. 

. As noted before, the haemolysin is produced early during 
growth. . What part it plays in the. pathogenesis is not clear. 
There is evidence to show that two kinds of haemolysins are pro- 
duced in suitable fluid cultures: one is oxygen-sensitive but capable 
of reactivation by reduction— the O type; the other is oxygen- 
stable but sensitive to acid and hcat^ — the S type. They seem to 
be Immunologically distinct. The Icucocidin .is also, formed 
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Mtly during growth (p. 214). Ukcihc huraiolysin, the leucocidie 
IS also antigenic. It is more resistant than, the hacmolysin but is 
destroyed by ‘beat at 60’* in 30 minutes. i Different strains 
may produce varying amounts of leucocidin. In vivo as well as 
in vitro itihas a destruclive acUon on polymorphonuclear leuco* 
cytes but apparently none on macrophages. The-fibrinolysin is 
markedly heat-resistant (p. 21$); It seems to have a selective 
action; it dissolves human fibrin and liquefies clotted human 
plasma (in 10 to 45 minutes) but does not act on rabbit fibrin. 
Fibrinolysis may probably explain the relative absence of fibrin 
in inflammatory c.xudatcs prodne^ by haemolytic streptococci. 
Fibrinolysin is also produced by the virulent strains of Groups 
C and G. ' ' 


The erythrogenic toxiii is a real exotoxio, fiUerable, anti- 
genic and flocculated by-antiioxic sera. There is some evidence 
to show that it is not a simple substance but composed of Several 
components. Unlike most extracellular toxins, dt is. relatively 
heat-resistant, requiring for its complete inactivation a fempera- 
ture of 96’ C. for 45 minutes. The detoxicating action of for- 
malin on the erythrogenic toxin is not constant, and for this 
reason it is difiicillt to prepare a suitable toXoid. There is ample 
evidence in support of Sir, pyogenes as ’the causative agent of 
scarlet fever* and it is now almost certain that the clinical mani- 
festations of this disease including the rash are due to the action 
of the erythrogcoic toxin. The infection is practically confined 
to the throat where the organism multiplies and liberates the toxin 


which through absorption into the circulation reaches the sus- 
ceptible tissues. The erythrogenic toxin is also referred • to as 
the scarictinal, rash producing or the Dick toxin. 

Suitable strains of streptococci belonging to Group A are 
grown in Hartley’s broth for forty-eight hours at 37’ C. The 
cultures are then centrifuged at hi^ speed and the clear super- 
natant fluid decanted. This then is filtered through any of the 
usual- bacterial filters— Betktfcld of Seitz. The filtrate forms 
thetoxin. As a preservative 0 '5 per cent, phenol is hdded. Jbe 

toxin so prepared is usually concentrated, arid for use appropriate 
dilution witb'Sterile physiological salt-solution has to be madcj 
Ifsually it is carried out to thfc extent that 0 *2 of the dilated 
toxin ‘ contains one skin test dose (see below). The to^n can 
also be concentrated and ■ 
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Laboratory aniroals, wUh the possible exception of rabbits, 
do not react to this toxin. Hence, animai*experiments have not 
So far proved to be a satisfactory method for the standardisation 
of the toxin. Man is very susceptible to it, and intradermal tests 
on susceptible indi\nduals are employed for' standardising the 
toxin as well as. the antitoxin. The toxic filtrate, when suitably 
diluted and injected intracutancously, produces in a few hours 
a local erythematous patch which reaches its maximum witWn 
twenty-four hours. The minimum amount of toxin necessary 
to produce an erythematous reaction of at least one centimetre 
in diameter within twenty-four hours after intradermal injection 
on a susceptible individual is taken to be the "skin test dose" 
(S.T.D). A "test dose" is five times the skin test dose. 

Antitoxic serum is prepared by the immunisation of horses 
with the erythrogenic toxin (p. 256). It has some therapeutic 
value in scarlet fever and to a less extent in other conditions 
due to Str. pyogfrtes, such as erysipelas, puerperal sepsis and 
others. Accurate standardisation of the antitoxin is diiiicuU 
due to the non-availability of susceptible laboratory animals. 
For this purpose neutralisation tests on susceptible human beings 
are resorted to in America, injecting intradermally mixtures of 
toxin and serum. The unit of antitoxin is ten times the smallest 
amount of antitoxin required to neutralise a test dose of toxin. 
That is, one unit of antitoxin should just neutralise fifty S T.D 
of toxin. An initial therapeutic dose of 6,000 units has been 
recommended. A concentrated and refined scrum, prepared as 
in the case of diphtheria antitoxin, is also available. It may be 
given in 20c.c. doses intravenously. 

' Dick Test. iPersons susceptible to scarlet fever can be 
detected by the intradermal inoculation of the erythrogenic toxin. 
The method is known as the Dick Test. A suitable toxic filtrate 
is diluted (about J in 1,000) and 0*2c.c, of it, containing one 
S.T.D, is injected into the previously cleaned and Sterilised skin 
of the forearm. CvA similar dose of the same diluted toxin, but 
which has been previously- detoxicated by heating at lOO^C. 
for one hour, is injected in a like manner into the other fofearm 
as a control. In positive cases an erythematous patch develops 
at the site of injection in six to twelve hours, attaining its maximum 
in twenty-four hours. A reaction is accepted as positive when 
the rash is not less i than' one centimetre in diameter. The rash 



378 


A TEXTBOOK OP BACTERIOLOGY 


begins to fade slowly at the end of twenty-four hours. On the 
control am a transient erylhma may be seen foUowing inoeulalion 
but soon disappears, leaving no redness by the time the readings are 
made. Pseudoreactions, consisting of eiylheroatous changes both 
at the control and the test sites, are uncommon in children. A posi- 
tive reaction indicates the absence of antitoxin (natural or acqui- 
red) in, circulation and consequent susceptibility to scarlet fever. 

A positive Oick reaction is also obtained in the early stages 
of scarlet fever, but thereafter the degree of reaction becomes less 
and less and finally negative after the third or fourth week of the 
disease. The negative reaction is n proof of the presence of 
circulating antibody to the scarletinal toxin. As the disease 
progresses antibodies are generated by the tissues and in sur* 
viving cases immunity is established. Hence the disappearance 
of the reaction. When 1 ml of serum from a patient, convalescent 
from scarlet fever, is injected imradermally in an early case of 
scarlet fever, wtih the typical bright red rash, it causes the 
disappearance or blanching of the rash around the site of 
injection. This phenomenon is known as the SchuI/z-C/taf/ZM 
reaction. If the Injection is repeated with serum withdrawn 'from 
a patient in the early stages of an attack, no blanching of the rash 
follows. Thai is evidence for the presence of neutralising anti- 
bodies in the convalescent scrum and for their absence before an 
attack of scarlet fever and in the early stages of it. This reaction 
can also be obtained by employing the antitoxic serum. It is 
of help in the diagnosis of doubtful cases. 

. The Dick test is employed in the detection of the susceptible 
ind’mdoals in a tommunity before taking speciac praphylactic 
measures. Dick-positives can be actively immunised by the 
subcutaneous injection of the dilute toxin. Increasing doses 
are given weekly or fortnightly; starting with 500 S.T.D, the 
amount is gradually increased to 100,000 S.T.D in the course of 
5 injections, keeping the volume of inoculum always constant 
at 1 ml. By this method the Pick reactors become negative and 
remain immune for a period of 1 to 5 years. 

Pathogenicity. Streptocoeem pyagems is an important 
nathoeen of man. The common laboratory animals are not 
markedly susceptible to it. Some strains, ■ however, may be 
highly pathogenic to rabbits and mice. In bigger animals 
Btr. pytssms may rarely cause spontaneous infection. Infection 
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with streptococci may be generalised or localised in any part of 
the body and assume a wide variety of clinical forms. This 
organism is the primary cause of a number of conditions such as 
scarlet fever,’ erysipelas, sore throat, tonsillitis,, mastoiditis, 
meningitis, acute bacterial endocarditis, empyema, peritonitis 
lymphangitis, cellulitis, abscesses, septicaemia (e,g. puerperal 
fever) and pyemia. In addition to its primary role, S(r. pyogenes 
may also be present in mixed infections. It is also responsible 
for Certain serious secondary infections such as bronchopneumonia 
•following measles, influenza, whooping cough and others.' 

. This diversity in the clinical manifestations may be due to 
variations in one or more of the three pathogenic properties; 
toxicity, pyogenicity and invasiveness. There is no doubt that 
such differences also depend upon the stale of resistance of, the 
individual. All the various toxic products are formed by all the 
strains, albeit to a greater or less extent, and the differences 
between the different strains are quantitative rather than quali- 
tative. The strains isolated from scarlet fever cases, unlike other 
pyogenic strains, are producers of large amounts of the erythro- 
genic toxin. They show but poor invasive power and do not 
in most cases inhitrate beyond the throat. After getting lodge- 
ment in this situation, they multiply and liberate the erythrogcnic 
toxin which gets into the circulation and causes the disease. ' In 
this respect the scarletinal strains resemble C. dtpbtberiae. Where 
pus-formation is the outstanding clinical feature, as in strepto- 
coccal empyema or meningitis, pyogenicity is the predominating 
property of the causative strains. What particular substance is 
responsible for pyogenicity, is not clear. Infections characterised 
by a wide infiltration of the organism into the . blood - and 
tissues, as for instance septicaemia or pyemia, are due to strains 
possessing a marked degree of the invasive property. .Thus, 
the present conception is that though all the three, pathogenic - 
properties are common to all the strains of Sir. pyogenes, indivi- 
dual strains exhibit considerable quantitative variations in one or 
more of these properties. 

Scarlet Fever. TTie streptococcal aetiology of scarlet fever 
may be regarded as practically established. Wiile any type of 
Sir. pyogenes (Group A) may cause scarlet fever, the first five 
types seem to account for most of the cases. The type incidence 
may vary in difTcrent regions. . ' • i • • , • 
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. 1 , J’’; or scarlet fever is dosely atalogoos to 

«scoMcHy toisLfc in 
pnnuiy throat infeetionj ■ thexlinieal niani- 
festations isjart. The causative organism in either disappears 
rapidly during convalescence. But the paci of disappcLnce 
m scarlet fever is much slower than that in diphtheria. In both 
diseases a certain proportion of convalescents continues to he 
cnronrc carriers, serving to disseminate the infection. The 
carrier rates in both preponderate over the case rates. Different 
workers give different figures for the carrier rate of S/r. pyogenes; 
a ^8 per cent, rate has been given by the English workers. In 
doing any such investigation it is important to remember that 
about 20-25 per cent, of the genera! population in the higher 
latitudes harbour haemolytic streptococci in their throat. This 
appears to be lower in the tropics. 

Infection spreads probably through droplets frew cases or 
carriers who may be of the convalescent or chronic type. Scarlet 
fever Is infectious from its commencement. Another mode of 
spread is vfo dust. S/r. pyogenes may xernaln alive and virulent 
In the dust for weeks, especially in the dust of badly lighted sick 
rooms. Infection in dust is from dried particles of sputum of 
discharge from paiienfs. Infected fomites may sometimes act 
as transmitters of infection. Desduamated scales are not regarded 
as capable of transmitting infection. It may be remembered that 
scarlet fever is essentially an intoxication. Milk may serve as 
another vehicle for the transport of infection, and several out- 
breaks of scarlet feres and sore throat epidemics with milk as the 
incriminating agent are on record. There is increasing evidence in 
support of this theory. Infection of milk in the udder of a cow 
as the result of streptococcal mastitis is reported to be more 
common than direct infection of it from the throat of a human 
carrier employed in the milk industry. Though mastitis is mostly 
due to Group B streptococci, in a few cases haemolytic strept^ 
cocci, indistinguishable from S/s. pyogenes, have been isolated. 
How the cow gets the infection, is not clear; it may be from 

human carriers. ‘ 

Scarlet fever is mostly a disease of the temperate regions 
and is seldom seen in the tropica! or subtropical countries. 
Children in the first year of life mostly escape; the greatest 
jncidcficff is in the fifth and sixth years of life. But no age is 
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exempt.’ As a rule, -one attack,, confers lasting immunity; but 
second, attacks are not unknown, MQSt of the adult population 
of a community within the^areas of prevalence show immunity 
against scarlet fever. Besides , the disease. -itself, latent, and 
atypical infections also contribute to this. During the last few 
decades the incidence of scarlet fever, its severity and mortality 
have all considerably declined. ^ 

Bacteriology of Acute Rheomatic Fever. Acute rheumatism 
has till now defied all attempts tQ solve its aetiology. Several 
theories regarding its causation are in the field. , One -of the 
earliest is the streptococcal theory. As the result of extensive 
investigations on man as well as on rabbits, Poynton and Pain 
(1900) came to the conclusion that acute rheumatic fever was 
due to a direct infection with a particular variety or .varieties of 
streptococci. - Since then, many workers have claimed the isola- 
tion .of streptococci from a large proportion of cases of acute 
rheumatic, fever. But in the majority of instances, the materials 
for investigation had been obtained at autopsy. In view of the 
possibility of intercurrent and agonal infections and post-mortem 
contamination, these findings have but slight evidential <value. 
The issue was further clouded by the fact that m many instances 
of successful isolation other organisms also have been obtained. 
On the other hand, several attempts by competent workers have 
failed to obtain streptococci from the blood or exudate from 
cases of acute rheumatic fever, throwing considerable doubt on 
the streptococcal aetiology. 

The streptococci, whether isolated from patients . or on 
autopsy, have been mostly heterogeneous in character and belong- 
ing to the non-haemolytic variety, either green-producing or 
indifierent. With these streptococci numerous attempts have 
been made to reproduce the disease in rabbits. Many lesions, 
such as endocarditis, myocarditis and arthritis, have been pro- 
duced in this animal, which closely resembled those of acute 
rheumatism ; but in many important respects there was also 
divergence. There is no universal agreement that such lesions 
reflect a true picture of the naturally occurring human disease. 

This theory of direct streptococcal infection was somewhat 
modified later to fit in with the diversity in the kind of strepto- 
cocci claimed to have been isolated by different workers from 
cases of rheumatic fever. According to this view, the viridans 
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rapidly during convalescence. But the paci of disappearance 
in scarlet fever is much slower than that in diphtheria. In both 
diseases a certain proportion of convalescents continues to be 
chronic carriers, serving to disseminate the infection. The 
earner rates in both preponderate over the case rates. Different 
workers give different figures for the carrier rate ofSfr, pyosms; 
a ^8 per cent, rate has been given by the English workers. la 
doing any such investigation it is important to remember that 
about 20~25 per cent of the general population in the higher 
latitudes harbour haemolytic streptococci in their throat. This 
appears to be lower in the tropics. 

Infection spreads probably through droplets from cases or 
carriers who may be of the convalescent or chronic type. Scarlet 
fever is infectious from its commencement. Another mode of 
spread is via dust, Str. pyogenes may remain alive and virulent 
in the dust for weeks, especially in the dust of badly lighted sick 
rooms. Infection in dust is from dried particles of sputum or 
discharge from patients. Infected fomiies may sometimes act 
as transmitters of infection. Desquamated scales are not regarded 
as capable of transmitting infection. It may be remembered that 
scarlet fever is essentially an intoxication. Milk may serve as 
another vehicle for the transport of infection, and several out- 
breaks of scarlet fever and sore throat epidemics with milk as the 
incriminating agent are on record. There is increasing evidence in 
support of this theory. Infection of milk in the udder of a cow 
as the result of streptococcal mastitis is reported to be more 
common than direct infection of it from the throat of a human 
carrier employed in the milk industry. Though mastitis is mostly 
due to Oroop B streptococci, in a few cases haemolytic strepto- 
cocci, indistinguishable from Sir, pyogenes, have been isolated. 
How’tbe cow gets the infection, is not clear; it may he from 

human carriers- ' ^ 

Scarlet fever is mostly a disease of the temperate regions 
and is seldom seen in the tropieat or svbtropical covntries. 
Children in the first year of life mostly escape; the greatest 
incidence is in the fifth and sixth years of life. But no age is 
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exempt. As a rule, one attack confers lasting immunity; but 
second, attacks are not unknown. Most of the adult population 
of a community within the areas of prevalence show immunity 
.against scarlet fever. Besides, the disease -itself, latent, and 
atypical infections also contribute to this. During the last few 
decades the incidence of scarlet fever, its severity and mortaVity 
have all considerably declined. . 

Bacteriology of Acute Rheumatic Perer, Acute rheumatism 
has till now defied ell attempts to solve its aetiology. Several 
theories regarding its causation arc in the field. One of the 
earliest is the streptococcal theory. As the result of extensive 
investigations on man as well as on rabbits, Poynton and Pam 
(1900) came to the conclusion that acute rheumatic fever was 
due to a direct infection with a particular variety or varieties of 
streptococci, r Since then, many workers have claimed the isola- 
tion ,of streptococci from ,Ot large proportion of cases of acute 
rheumatic fever. But in the majority of instances, the materials 
for investigation had been obtained at autopsy. In view of the 
possibility of intercurrent and agonal infections and post-mortem 
contamination, these findings have but slight evidential value. 
The Issue was further clouded by the fact that in many instances 
of successful isolation other organisms also have been obtained. 
On the other hand, several attempts by competent workers have 
failed to obtain streptococci from the blood or exudate from 
cases of acute rheumatic fever, throwing considerable doubt on 
the streptococcal aetiology. 

- The streptococci, whether isolated from patients or on 
autopsy, have been mostly heterogeneous in character and belong- 
ing to the non-hacmolyiic variety, either green-producing or 
indifferent. With these streptococci numerous attempts have 
been made to reproduce the disease in rabbits. Many lesions, 
such as endocarditis, myocarditis and arthritis, have been pro- 
duced in this animal, which closely resembled those of acute 
rheumatism; but in many important respects there was also 
divergence. There is no universal agreement that such lesions 
reflect a true picture of the naturally occurring human disease. 

This theory of direct streptococcal infection was somewhat 
modified later to fit in with the diversity in the kind of strepto- 
cocci. claimed to have been isolated by different workers from 
cases of rheumatic fever. According to this view, the viridans 
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rheumatic manifestation is'an allergic phenomenon 'produced by 
the organism and its toxic products. The green-produciag 
streptococci are frequently present in the body— in the -tonsils, 


throat, mouth' and other 


situations—as focal infections.' Experi* 


mental evidence- has been adduced to show that- this type of 
streptococcus can engender a high degree of allergy in iiian, 
and hypersensitiveness developing against streptococcal products 
IS now an accepted phenomenon. But such hypersensitivity is not 
peculiar to the rheumatic subjects; it U also frequent hmong the 
non*rheuniatic persons. It has been postulated that the specific 
allergic state manifests itself as a clinical syndrome only'in indivi- 
duais having a background of consiliutional predisposition or 
diathesis 0>. 317). 

More recently, a direct causal role has been assigned to 
S/reptacoccus p^vge/tes. The frequent association of throat 
infection and acute rheumatic fever is an old well attested clinical 
observation. Most of the rheumatic cases give a history of sore 
throat and tonsillitis about two or three weeks earlier. In ell 
these throat conditions haemolytic streptococci have been found 
to be the cause. Relapses of rheumatic affections are also fre- 
quently preceded by the reappearance of the organism in the 
throat in large numbers. But there is no positive ewdence yet 
to support the contention that acute rheumatic fever is due to 
the infection of blood and tissues by this streptococcus- 

immunological studies by several workers- have demonstrated 
the presence in the blood of rheumatic cases a significantly high 
content of such specific antibodies as antihaemolysin, agglutinin, 
complement-fixing antibody, precipitin and antifibrinolysin. For 
instance, Todd has found that there is a marked appearance of 
the streptococcal antzhaemolysm in the blood of the patients, 
increasing in titre dunng the acute phases and falling during inter- 
vals. Others have shown the Same with antifibrinolysin' and 
with certain other antibodies. Bat the demonstration of circu- 
lating antibodies against an organinn like Sfr. pyogenes with its 
notoriously frequent association with a multiplicity of subacute 
and chronic affections is not the same thing as establishing the 
organism as the cause of rheumatic fever.’ No doubt, such 
immunological findings constitute a 'valuable 'piece of indirect 
evidence. 
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Additional support to the aboxe theory has been tought by 
attempting to isolate the organism by improved cultural tecbmque. 
By such methods the recovery of Sir. pyogenes from the heart 
valves and pericardium has been claimed ‘in a high proportion 
of cases. Against this is the fact that others, following the same 
technique, have consistently failed to obtain positive cultural 
results. There is also the finding that n large percentage of the 
haemolytic streptococci isolated from the throats of quiescent 
rheumatic cases belonged to the A group. How much signi- 
ficartce is to be attached to this, is again a question of dispute. 

Reviewing the whole position, it cannot be said that the 
case for Sir. pyogenes has been established. No doubt, there is 
an imposing array of evidence, but none of them is complete or 
conclusive. At most we can say that the organism may have a part 
in the pathogenesis of acute rheumatism. But the exact role, 
if any, played by it in the causation of the disease is still obscure. 

A virus hypothesis has also been suggested. In the hands 
of some workers, high-speed centrifugation of specimens of peri* 
cardial Quid from cases of acute rheumatism has yielded minute 
bodies resembling viruses. They have found such bodies nggluti* 
nable with the sera of patients suffering from acute rheumatic 
fever. These findings have not been corroborated by others, and 
this theory rests on even more vulnerable grounds than the 
streptococcal theory. Any infection will lower the resistance of 
the tissues, preparing the ground for the secondary invaders, 
and the virus obtained may have been only of the latter category. 
The same is also true of nutritional deficiencies: and the vitamin 
deficiency, suggested as the cause of acute Theunvatism, may have 
only such a predisposing part io the acliologj’. 

} Streptococcal Infections id Animals. Certain important dis- 
eases of animals are caused by the streptococcus. For example, 
strangles in horses is caused by Streptococcus equi and mastitis 
in cows by Streptococcus agalactiae. In addition, streptococci 
are also responsible for a variety of suppurative and septicacmic 
conditions, as in man. As noted above, the haemolytic strepto- 
cocci causing infections in lower animals mostly belong to Groups 
B and C. Only very rarely arc Group A strains seen in natura- 
infcctions of animals. 

Immunity. ' Any immunity against streptococcal infections is 
generally very transient and of a low order. An exception to this 
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asaiosl iMriel fever. rAn atlatk of 
confers' permanent proteetion, but second 
atwcics may occur. The eteboralion of antibodies, such as anS- 
strepfoiysin, agglutinin (and others, has been observed in strepto- 
coccal infections ; but these do not seem to infiuence the course 
Of infection. Phagocytic activity is not so marked a feature in 
these as in staphylococcal infections. 

Virldans Streptococci. This group is also called the alpha 
type. It forms a heterogeneous group and contains several 
species. No satisfactory method of subdivision has yet been 
evolved, and differentiation is now based on fennentation reactions 
and other biochemical propenies. Members of this group arc 
found as commensals in the throat, mouth and genitalia. A 
type found in the mouth has been called Streptococcus salivarius. 
In morphology and staining reactions, there is very little to diiler* 
entiaCe the green-producing streptococci from other types. Very 
long chains have been encountered particularly in suppurative 
conditions of the lungs. 

The growth requirements of the viridans type arc not so 
rigid as in the case of the haemolytic type. They arc aerobic 
and facultatively anaerobic. While the optimum temperature 
for growth is 37” C., the viridans streptococcus grows over a wider 
range of temperature than S/r, pyogenes. The former grows 
readily on ordinary media, but the addition of blood or serum 
definitely gives a more luxuriant growth. The type of growth 
on various media, either solid or liquid, has not much to differ- 
cariate the viridans from the baemolyOc group, except for the 
profuscaess of growth in the former, and what is described under 
S/r. pyogenes regarding this applies to the viridans group as well. 

On blood agar, however, the" colonies are surrounded by a zone 
of alpha haemolysis instead of the ^-type. Some strains pro- 
duce greater discoloration than othc«. There is partial 
haemolysis of the blood corpuscles around the colonies and the 
green discoloration seems to be due to the formation of a 
green pigment which may be an oxidation product of hacmatin 


Viridans streptococci are more resistant to heat than Srr. 
ov'oeener. Most strains attack lactose, saccharose and often ^ 
raffinosejf inulin and mannite are only very rarely attacked. ^ 
Bile docs not dissolve them. ^ • ‘ 
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' 'No Soluble toxin has been demonstrated nor any hacmolysin. 
The viridans typd'is definitely lcss''Vinilent than the ‘A 'group 
haemolytic streptococci ;■ occasionally a highly virulent strain may 
be encountered. The viridans streptococcus is commonly asso- 
ciated with stibacute endocarditis. It is present in ihfiamraaiory 
conditions like apical dental abscess, Tonsillitis,- broncho- 
pneumonia, lung abscess, otitis media, mastoiditis, sinusitis and 
cholycystitis; in some of these it is frequently found alone. 

Non-Hacmolytlc Streptococci. These are indifferent to blood. 
They arc mostly saprophytic and usually found on man and in 
milk and various milk products; few are potential pathogens, 
displaying low pathogenicity to man and animals. Two well 
known types are Streptococcus faecalis(cnXtTccoccm) and Strepto- 
coccus lactis. The latter is found in milk and is responsible for 
the natural souring of milk. It contains the Group N, and not 
the Group D, polysaccharide. 

Streptococcus Faecalis. In general appearance and staining 
properties Str.' faecalis resembles the other types of streptococci. 
A diphtheroid appearance, even in young cultures, is not ‘infre- 
quent among them. Some strains of the faecal type resemble the 
pneumococcus in appearance but possess no capsule. > 

•The growth is more profuse than that of even the. green- 
producing streptococcus. The colonics arc bigger and often 
confluent. Growth in fluid media gives rise to uniform turbidity 
with only slight deposit. No greenish discoloration is pro- 
duced on blood agar media. Some strains of Str. faecalis, 
corresponding to Lanccfield’s Group D, cause ^-haemolysis on 
blood agar. 

Streptococcus faecalis is characterised by a'greater resistance 
to heat than the viridans or the haemolytic type, withstanding a 
temperafurc of 60® C. for thirty minutes. Members of this group 
possess great vitality, and so preservation of culture is easy. Bile 
docs not dissolve them. They arc resistant to penicillin. 

These streptococci attack lactose, mannite, salicin, aesculin 
and usually saccharose, trehalose and sorbite but not raffinose 
or inulin. They do not hydrolyse sodium hippurate. Bile salts 
do not inhibit their growth and so they grow freely on 
MacConkey’s medium. Some strains of enterococci liquefy 
gelatin. Hence, they are sometimes Referred to as Streptococcus 
Uquefaciens. 
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Sir- sli-eptococci are haemolytic stains of 

n™.! ^ ®P“=®= polysaccharide aotigra, 

° »P'«« may be heterogeaeoas 

300 divisible into several antigenic types. No filterable toms 
are known. 


Most strains arc non-pathogcnic and found as commensals in 
the mouth, throatp intestines or about the genitalia. Some are 
fteoly pathogenic. They may cause infections of the genito- 
urinary Of the intestinal tract. They are also found in association 
with some cases of subacute endocarditis. 

Anaerobic Streptococci. Anaerobic streptococci are found 
normaliy on the female genitalia and ia the intestiaes. Several 
distinct species have been defined on the basis of gas production 
and other biocbeznical reactions. Often they are much smaller in 
size than the aerobic types. A few stmins arc haemolytic and some 
form coal-black colonies on blood agar» but the vast majority are 
noa-haemotytic. The production of gas in fluid culture is a marked 
feature with roost strains and many of them emit a foul odour. 
These organisms arc cither strictly anserobic or micro-aerophilic. 
Many strains are pathogenic to roan. Anaerobic streptococci have 
been found in septic lesions and gangrenous conditions of the uro- 
genital tract, pelvis, intestines and lungs. Not infrcqueniiy, they 
cause puerperal infection and invade the Wood stream. 

Diagnosis. A preliminary examination of smears from the 
suspected material very often reveals the presence of Gram-positive 
cocci in chains. While this may be of some aid in the case of 
pus or exudates, especially when no other organism is present, 
it is of little value when dealing with materials from open wound, 
faeces, sputum and the like. 

The isolation of the organism by cuitural methods fsrthe next 
procedure. The material may be directly streaked on blood agar 
plates and incubated in the ordinary way, ff the anaerobic type 
is suspected, suitable methods for securing the necessary gas 
phase have to be adopted. Isolation from pus or exudates is a 
relatively simple affair, but in the case of throat swabs, sputum, 
faeces and others it is more laborious and repeated subcuUuring 
on blood agar plates may be nccess^. In the investigation of 
urine a cathetcrised specimen (this is essential in the case of 
female patients) will minimise labour and yield more reliable 
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results. A preliminaty incubation of the urine has been found 
to be of great advantage. Even the microaerophilic types may 
grow in it. Frequently, the aerobic ones grow in urine in twenty* 
four hours as isolated comma>shaped colonies suspended in a 
clear fluid. In making blood culture a minimum of 5 c.c. should 
form the inoculum. Hartley’s broth or glucose broth may be 
employed. If specimens are likely to contain sulpha compounds, 
their bacteriostatic effect can be neutralised by the addition of 
5 mg. per cent, of p-aminobcnzoic acid to the medium. 

The isolation of pyogenic organisms, like streptococci and 
staphylococci, from pus, discharges from septic wounds, urine 
and similar materials is fraught with no small difficulty when 
there is also present Ps. pyoeyanea or Proteus. These organisms 
by their spreading nature prevent the fonnaiion of pure, discrete 
colonies of the former. This difficulty can be got over by the 
incorporation of certain selective bacteriostatic agents in the 
medium. Tellurite in a concentration of 1 : 50,000 inhibits 
pyocyaneus and the coli group of organisms. But Proteus requires 
a higher concentration, I *.20,000. Bile salts, to some extent, 
prevent the spread of these organisms and MacConkey’s medium 
is useful for the isolation of staphylococci and streptococci other 
than the haemolytic type ; the haemolytic type does not grow in 
the presence of bile salts. 

Growth on blood agar reveals the type, but a more accurate 
method for testing the presence of hacmolysin is by the action of 
a suitable broth culture on a saline suspension of the red corpuscles. 
One ml. of the culture is added to 1 ml. of a five per cent, sus- 
pension. of horse corpuscles in physiological salt solution and 
the mixture is incubated at 37* Cv for two hours. In positive 
cases complete lysis occurs within thirty minutes. The viridans 
type grows in green colonics on blood agar. Its differentiation 
from the pneumococcus is dealt with under the latter (p. 402). 

Sometimes it may be necessary to rule out animal strains. 
Unlike the pyogenic streptococci, they hydrolyse sodium hippu- 
rate, ferment sorbite but not trehalose, grow on media containing 
40 per cent, bile and do not digest human fibrin. Many of the 
bovine strains also behave like other animal strains. 

The detection of haemolytic streptococci is relatively easy. 
But this is insufficient as all the haemolytic strains are not patho- 
genic. For instance, the mere recovery of haemolytic strepto-. 


3SS 


A textbook of. bacteriology 


cocc! from a throat swab has very little clinical significance., As 
mentjoned above, roughly twenty per cent, of.nonnal Mi- 
™uals harbour jn their nasopharynx streptococcus of the 
haemolytic variety, and of .these only about a third are 
potential pathogens. The rest are harmless. In some cases, 
however, all that is necessary may be only the finding of haemo- 
lytic streptococci, e.g., when a pure culture of the organism grows 
from a specimen of pus. But in ’the majority it is not enough 
and tests for pathogenicity have to be done. To determine 
whether a strain is pathogenic or not several methods are avaiiable, 
but they have not been well worked out and rendered easy of 
rouiirte practice. Grouping is essential to determine patio* 
genicity, and it is done by the precipitation test, employing the 
group-specific sera and the soluble carbohydrate antigen extracted 
from the isolated organism. The isolated strain is grown in 
20 per cent, trypsin broth and incubated at 37® C, for eighteen 
hours. The culture is centrifuged and the sediment treated with 
an appropriate amount of N/20 HCi, beating the tube in a water 
bath at 100^ C for tea minutes. It is then cooled and again 
centrifuged. The supernatant fluid is removed and neutralised 
with NaOH. This extract constitutes the specific carbohydrate 
antigen and is tested against the group-specific sera in capillary 
pipettes. The specific sera are obtained from rabbits by immuni- 
sation with identified strains of particular groups. Precipitation, 
observable fay the naked eye, should occur within thirty minutes; 


often it does ivitbin three or four minutes. 

Pfophyliixis. Severe streptococcal infections are occasionally 
caused through post-mortem wounds. These should be care- 
fully avoided. Normally the human nasopharynx is often 
infested with the Group A streptococcus, and there is plenty of 
evidence to show that the source of infection in puerperal sepsis 
is from the nasopharynx of the attendants or the patient herself. 
Therefore, the detection of carriers among the staff of lying-in 
hospitals and their isolation may help in the prophylaxis. Such 
procedures have been attended by beneficial results. Against 
scarlet fever the method of active immunisation of the susceptible 
individuals with the crythrogenic toxin is available, .ft has not 
been possible to prepare a reliabh toxoid, as the toxm is very 
resistant to the action of formalin. Nor is this of great conse- 
queLe as in the case of the diphtheria toxin; for. m contrast 



STREPTOCOCCUS 


389 


to this toxin, "ithe erythrogenic toxin is relatively harmless and 
serious reactions seldom follow the use of untreated toxin for 
immunisation. . Before . taking steps to , actively immunise, the 
susceptibles of the community which is threatened with an epidemic 
arc detected by the Dick test., They are then actively immunised 
as mentioned in a previous section (p. 378). Immunisation with 
the Dick toxm has been extensively practised on the nursing staff 
of many fever hospitals in the West with apparently good results. 
The protection induced in this way, it should be remembered, 
is only antitoxic. It is no check to the mvasivencss of the orga- 
nism. Even in the face of a solid immunity of this type, infection 
with Str. pyogenes may occur with subsequent spread from the 
primary focus. The spread of scarlet fever in hospitals and homes 
can be prevented by passive immunisation of the contacts; it 
may be of particular use in the case of debilitated children. The 
contacts are Dick*testcd and the positives are given 5-10 c.c. of 
antistreptococcal serum. The effects are temporary, lasting not 
more than two or three weeks. In recent years, scarlet fever has 
become a less serious disease than it was two or three decades 
ago and this has reduced the importance of specific prophylactic 
as well as therapeutic measures. 

Specific Treatment. Both antitoxic and antibacterial sera are 
available. Though both are of doubtful value, there is some 
evidence to show that the former is more potent than the latter. 
Antitoxic sera are indicated in conditions like scarlet fever Vrhere 
erythrogenic toxin is the prime factor in the pathogenesis. The 
administration of antitoxic serum has been claimed to be followed 
by a decrease both in the seventy of the disease and in the inci- 
dence of complications. In the treatment of scarlet fever con- 
valescent serum is preferred by some workers in the hope that 
it may be both antibacterial and antitoxic. The failure of anti- 
bacterial sera is probably due to the failure to employ all the 
twenty-six types in the immunisation of horses from which the 
serum is prepared. An antibacterial serum which is type-specific 
may have greater value. 

In severe cases of acute infectious diseases, like malignant 
forms of meningococcal of pneumococcal meningitis, acute lobar 
pneumonia and septicaemias, chemotherapy alone may not always 
be sufficient. What is equally important in such conditions is 
the lifting of the heavy load of toxin already formed in the tissues. 
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And this should be done with all expedition. Theoretically at 
any rate, any hope of success towards this end lies only in the ad- 
ministration of large doses of the specific antiserum. For, no 
other substance is known to counteract the bacterial toxic. 

Vaccines. It is extremely doubtful whether s^ednes are of 
any use against streptococcal iofectloo. The multiplicity of the 
pathogenic types is a serious handicap to those who believe in 
their efficacy. 

Chemotherapy* Recent advances in chemotherapy have revo- 
lutionised the treatment of bacterial infections (p. 158). It may 
be recalled that prontosil had its first trial against streptococcal 
infections. The su^phonamides^ paTticiiht)y sulphapyridioe and 
sulphadiaxine, have proved to be of great value in the treatmeat 
of streptococcal infections. This is not true of scarlet fever, in 
the treatment of which these compounds have very little value. 
The exact mode of action of these drugs has not been fully 
revealed (p. J60). Penicillin too has an important place in the 
treatment of streptococcal infecUons ; its value in the treatment 
of streptococcal septicaemia has been fully established (p. 155). 



CHAPTER XVlir 


DIPLOCOCCUS— THE PNEUMOCOCCUS 

Diplococci are parasitic organisms which usually exist in 
pairs. The individual celts are somewhat elongated and lanceo- 
late in shape and the pair is surrounded by a well developed 
capsule, “nie aerobic species arc bile soluble. The only im- 
portant species is Diplococcus pneumoniae. 

Diplococcns Pueomoniae. The pneumococcus was discovered 
by Pasteur (1880) in the blood of rabbits which he inoculated with 
the saliva of a child dead of rabies. In the following years, the 
studies of Frankel, Weichselbaum and others established its causal 
relationship to lobar pneumonia. Weichselbaum named it 
Diplococcus pneumoniae. 

There is still some disagreement about the taxonomic posi- 
tion of the pneumococcus. In view of its close relationship to 
the streptococci, some authors maintain that the pneumococcus 
is only another species of streptococcus and that there is no valid 
reason to assign it to a separate genus ; they call it Streptococcus 
pneumoniae. Others regard that the differences between these 
two groups are sufHciently wide to give the pneumococcus a sepa- 
rate generic position. 

Habitat. The normal habitat of this organism is the upper 
respiratory tract of man and animals. Pneumococci are present 
in the lesions caused by them as well as in the pathological pro- 
ducts of their activity. Thus, they are found in large numbers 
in the consolidated portion of the lungs, sputum and very often 
in the blood in lobar pneumonia, in pus in empyema, in the cerebro- 
spinal fluid in pneumococcal meningitis and in similar materials 
from other pneumococcal lesions. Outside the tissues, pneumo- 
cocci may be found in the dry sputum particles mixed with dust 
in the rooms occupied by lobar pneumonia patients. 

Morphology and Staining. The organismis oval or spherical 
in shape, 0 *5 to 1 *25 microns in its long diameter and occurring 
in pairs or less frequently in short chains. The outer end of each 
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vSLf “ f =* l»««-shape. 

i occasionally seen. In tissues or 

When freshly isolated, each pair is enclosed in a single capsule, 
ihe capsule varies m thickness, being most marked in Type 111 
pneumococcus. In subcultures capsule formation tends to be 
less^ and Jess marked and jRnaJly suppressed altogether. By the 
ordinary staining methods, the capsule is not stained but appears 
as a \s'bitc halo surrounding the paired cocci. Special methods, 
such as that of Muir and Hiss, have therefore to be employed to 
stain the capsule. Pneumococci are non-motiie, generally Gram- 
positive and not acid-fast. Occasional strains may show a 
• tendency to Grnm-negativity. 

Growth Requirements. The organism is aerobic and faculta- 
tively anaerobic. A higher carbon dioxide tension (five per cent.) 
appears to be more favourable for growth. The optimum tem- 
perature is 37* C with a range of 25*-42‘’ C. The optimum pH 
is 7*S, The nutritional requirements of pneumococci arc Some- 
what exacting. The growth on ordinary media is poor, parti- 
cularly during primary culture. Enrichment of media with blood, 
serum or glucose improves growth. 

Coltaral Characters. The colonies on agar are small, trans- 
parent, greyish with entire mar^n and depressed centre. On 
blood agar the colonies are larger and surrounded by an area of 
greenish discoloration (alpha haemolysis) similar to that pro- 
duced by the green-producing streptococcus. At first the colonies 
are flat and smooth with a vertical edge, hater the edge out- 
grows the rest of the surface. Further incubation produces 
ovcractivHy in the centre and bossing there resvlts. Type HI 
pneumococcus, regarded as identical with Dlphcoccus mucosus, 
grows in mucoid or slimy colonies. In broth the pneumococcus 
grows producing slight turbidity with slight granular deposit. 

Biochemical Actirities. Some of the common sugars, such 
as glucose, lactose and saccharose, are attacked with the pro- 
duction of acid without gas. Inulin is fenncnled, diflering in 
this respect from most strains of streptococci. Litmus milk is 
acidified and often curdled. Gelatin is not liquefied and mdole 

is not produced. . . .... 

The pneumococcus produces n soluble hacmoij'sm which is 
readily destroyed by oxygen. Hence, it is best demonstrated 
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when the organism is grown under anaerobic conditions or in the’ 
early stage of aerobic growth. Autolysis readily occurs in fluid 
media, and cultures, therefore, very soon become sterile. It is 
due to the activity of certain intracellular ferments. >. 

Bile Solubility. Bile salts dissolve the pneumococcus, sharply 
differentiating it from the streptococcus. This property is made 
use of in the identification of these organisms. To 5 c.c. of a 
broth culture 0*5 c.c. of ox bile or a 10 per cent, solution of 
sodium taurocholate is 'added; clearing of the medium due to 
lysis occurs within fifteen minutes at 37® C. Sodium desoxy- 
cholate solution gives more satisfactory results. The hydroxyl 
group contained in it is said to improve the lytic action. • -To 
5 c.c. of a broth culture 0*1 c.c. of a 10 per cent, solution of the < 
salt is added. The reaction of the culture should not be below 
pH 6 -8, as the bile salts are precipitated in the presence of greater 
acidity. The precise mechanism of this reaction is not clear. • 
It has been suggested that bile salts simply accelerate the auto- 
lytic process normal to this organism. Heat-killed pneumococci 
are not lysed by bile or Us salts. > 

Reslstaoce. It is a delicate organism. Heat kills it at 56® C. 
in 15-20 minutes. Pneumococci may remain viable in dust for 
a short time. They are more sensitive to the action of antiseptics 
than are many other organisms. It is particularly so to the action 
of quinine and some of Us derivatives likt oplochin. Cultures 
die quickly. For preservation, subcultures have to be very fre- 
quently made (once in three or four days) or special methods > 
have to be employed. A semi-solid agar medium enriched with fresh 
rabbit blood, when inoculated with the organism and kept in the 
refrigerator without incubation, maintains the organism for several 
months. Another very satisfactory method is desiccation in vacuo 
and preservation at a low temperature ; by this the organism 
retains its vitality and virulence over long periods. Spleens of 
infected mice serve as a suitable material For this. . 

Antigenic Structure. Two main antigenic components have 
been recognised in the 'pneumococcus. i One is a nuclcoprotein s 
and the other a complex carbohydrate.* The former is associated 
with the body of the organism and is common to" all the different 
types of pneumococci. The latter is the type-specific antigen and 
■ is associated with the capsule (p. 234). It is called the “specific , 
soluble substance” (“SSS”) or sometimes the capsular substance. 
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giving the ceij a lancet-shape. 
Fin individual cells are frequeL. 

longated bacjlla^ forms arc occasionally seen. In tissue or 
rlT isolated, each pair is enclosed in a single capsnic. 

The capsule vanes in thickness, being most marked in Type m 
pneumococcus. In subcultures capsule fomatlon tends to be 
less and less marked and finally suppressed altogether. By the 
ordinary staining methods, the capsule is not stained but appears 
as a white halo surrounding the paired cocci. Special methods, 
such as that of Muir and Hiss, have therefore to be employed to 
stain the capsule. Pneumococci are non-motile. generally Gram- 
positive and not acid-fast. Occasional strains may show a 
■ tendency to Gram-negativity. 

Growth Requirements. The orgaaism is aerobic and faculta- 
tively anaerobic. A higher carbon dioxide tension (five per cent.) 
appears to be more favourable for growth. The optimum tem- 
perature is 37* C. with a range of 25*-42* C. The optimum pH 
Is 7*S. The nutritional requirements of pneumococci arc Some- 
what exacting. The growth on ordinary media is poor, parti- 
cularly during primary culture. Enrichment of media with blood, 
serum or glucose improves growth. 

Culturaf Characters. The colonics on agar are small, trans- 
parent, greyish with entire margin and depressed centre. On 
blood agar the colonics arc larger and surrounded by an area of 
greenish discoloration (alpha haemolysis) similar to that pro- 
duced by the grccn-producmg streptococcus. At first the cofonies 
are flat and smooth with a vertical edge. Later the edge out- 
grows the rest of the surface. Further incubation produces 
overactivity in the centre and bossing there results. Type HI 
pneumococcus, regarded as identical with Diphcoccta rnttcosus^ 
grows in mucoid or slimy colonies. In broth the pneumococcus 
grows producing slight turbidity with slight granular deposit. 

Biochemical Actirities. Some of the common sugars, such 
as glucose, lactose and saccharose, are attacked with the pro- 
duction of acid without gas. InuUn is ferroented, differing in 
this respect strains of streptococci. Litmus milk is 

acidified and often curdled. Gelarin is not liquefied and indole 

is not produced. _ ^ , , , . . • 

The pneumococcus produces a soluble hacmolysm which is 
readily destroyed by oxygen. Hence, ft is best demonstrated 
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when the organism is groNvn under anaerobic conditions or in the' 
early stage of aerobic growth. Autolysis readily occurs in fluid 
media, and cultures, therefore, very soon become sterile. It is 
due to the activity of certain intracellular ferments. 

BUe Solubility. Bile salts dissolve the pneumococcus, sharply 
differentiating it from the streptococcus. This property is made 
use of in the identification of these organisms. To 5 c.c, of a 
broth culture 0*5 c.c, of ox bile or a 10 per cent, solution of 
sodium taurocholate is 'added j clearing of the medium due to 
lysis occurs within fifteen minutes at 37“ C. Sodium dcsoxy- 
cholate solution gives more satisfactory results. The hydroxyl 
group contained in it is said to improve the lytic action. • To 
5 c.c. of a broth culture 0*1 c.c. of a 10 per cent, solution of the ' 
salt is added. The reaction of the culture should not be below 
pH 6 -8, as the bile salts are precipitated in the presence of greater 
acidity. The precise mechanism of this reaction is not clear. 
It has been suggested that bite salts simply accelerate the auto- 
lytic process normal to this organism. Heat-killed pneumococci 
are not lysed by bite or its'salts. ' > 

Resistance. It is a delicate organism. Heat kills it at S6“ C. 
in 15-20 minutes. Pneumococci may remain viable in dust foti 
a short time. They are more sensitive to the action of antiseptics 
than are many other organisms. It is particularly so to the action 
of quinine and some of its derivatives likd optoebin. Cultures . 
die quickly. For preservation, subcultures have to be very fre- 
quently made (once in three or four days) or special methods . 
have to be employed. A semi-solidagar medium enriched with fresh 
rabbit blood, when inoculated with the organism and kept in the 
refrigerator without incubation, maintains the organism for several 
months. Another very satisfactory method is desiccation in vacuo - 
and preservation 'at a low temperature ; by this the organism 
retains its vitality and virulence over long periods. Spleens of 
infected mice serve as a suitable material for this. > ' 

Antigenic Structure. Two main antigenic components have- 
been recognised in the 'pneumococcus. 'One is-a nuclcoprotein i 
and the other a complex carbohydrate. The former is associated 
with the body of the organism and is common to all the different 
types of pneumococci. The latter is the type-specific antigen and 
• is associated with-the capsule (p. 234). It is called the “specific 
soluble substance” (“SSS”) or sotnetimes the capsular, substance. ■ 
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It is a complex polysaccharide. It behaves as a hapten or partial 

Se f antibodies bat 

arable by itself to stimulate their production when inoculated 
into animal bodies. Virulence seems to be associated with the 
capsular substance. Type HI which is the most virulent has also 
the greatest amount of the capsular substance. 

Variation and Transformation of Types. The smooth to rough 
(S-R) variation occurs naturally in pneumococcal cultures. It 
is gradual, passing through intermediafe colonial types. The 
change is associated with the loss of abiiily to form the chara- 
cferistic capsule. The rough variant is almost non-vinilent 


(p. 346). With the loss of the type-specific capsule, the new rough 
variant has naturally lost its specificity as well. It is still biie 
soluble, and the capacity to fonn a haemoiysin and a ieueoddin 
is apparently unaffected. The rough progeny contains only the. 
common nucleoprotein antigen and wil! interact with the scrum 
prepared against the R variant of any other type. In other words, 
the rough variants of all the types are immunologically identical. 
The S-R variation also seems to occur in the body, but its practical 
significance in infection is by no means clear. The R-S reversion 
is difficult to accomplish. But it is possible and has been brought , 
about by animal passage as also by growing the R variant in the 
presence of anti-R scrum or of hcat-killcd smooth pneumococci 


of the same type (p, 345). 

Transformation of types has been accomplished by artificial 
• procedures. The inoculation of mice subcutaneously with a living R 
culture of any pneumococcal type mixed with a heat-killed smooth 
form of any other type results in the conversion of the R form 
its the animal body into the particular S type used in the experi- 
ment. A rough variant of a Type II strain, for example, can be 
transformed into Type I or any other type. Transmutation of 
types can also be induced io vitro by cultivating the rough variants 
in the presence of a heavy snspcnsioo of heat-killed smooth 
pneumococci of the type to which change is desired. The addi- 
tion of anti-R serum to the culture is not essential, but it will 
facilitate the change (p. 349). ^ ■ , 

Serological aassificaflou. The polysaccharide hapten is not 
immunoloaicaily Ih' same in all pneumococci; it is lype-sjwdfic, 
clearly defined immilnological divergence between the 
^SSaridc fetors of different types. ^ The presence of the 
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capsular substance masks the nucleoprotein antigen and antisera 
prepared against the capsulated pneumococci display sharp 
serological differences. On the basis of this, thlrty*two immu- 
nological types of DipJocQtcus pneumoniae have been recognised 
by specific agglutination tests. They ore designated by Roman 
numerals. Formerly, pneumococci found in cases of lobar 
pneumonia were classified under three serologically distinct 
types, labelled I, 11 and III, and a heterogeneous lot called 
Group IV. Since then, the Group IV has been split up into 
twenty-nine types, possessing no serological interrelationship, 
bringing up the number to thirty-two. Recently, many more 
have been added, making a total of 75 types. Cross reactions 
occur between certain Hypes, probably indicating some similarity 
in the constitution of their capsular antigens. The occurrence 
of mixed types, l.e. types reacting with two or more type-specific 
antisera, has also been reported. The serological types are 
culturally indistinguishable. One exception to this is the Type III 
pneumococcus. Due to a high capsular content, it gives a luxu- 
riant mucoid growth and can be easily identified from the rest. 
Hence, Type III is sometimes called Diphcoccus mucosus. There 
does not seem to be any justification for creating such a new 
species. Types 1 and 11 are sometimes referred to as the 
“epidemic” types, being responsible for more than 50 per cent, of 
cases of acute lobar pneumonia. 

Typing of Poeomococcus. The identification of type is 
essential where serum therapy is contemplated. Three methods 
are available: the Quellung reaction, also called the capsular or 
the Neufeld reaction, the agglutination and the precipitation 
tests. The first one is a rapid and satisfactory method and saves 
much time. After satisfying that the specimen contains pneumo- 
cocci by smear examination, small portions of the sputum or pus 
are mixed on slides with a drop of each of the type sera separately 
and then covered with cover glasses. The same procedure is 
followed when the material is a suspension of pneumococci. 
Examination by the 1/12 objective under slightly restricted light 
shows a sharply defined, swollen, ground glass appearance of the 
capsule in the presence of the homologous serum. A drop of 
methylene blue introduced in the preparation improves the appea- 
rance by -giving sharper contrast to the transparent unstained 
capsule against a blue background.' Preparations with hetero- 
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fhrcha„« n swPHing. The reaction is rapid, 

nnthe r ■" » P™ n>in«(«. In view of the larre 

inimber of types, .a preliminaiy testing with combinations of 
the type sera will greatly facilitate work. This is followed 
^ testing with- individual sera constituting the positive pool. 
How best to combine the seta, is determined by the type 
incidence in the locality. The American workers recommend 
grouping as follows: (o) 1, 2, 7; (b) 3, 4. 5, 6, 8; (c) 9 12 
14, 15,^7; (rf) 10. 11, 13, 20, 22, 24; (e) 16, 18, ’l9, 21,’ 28; 
(/} 23, 25, 27, 29, 31, 32. ft should be remembered that the 
presence of large amounts of SSS tends to suppress the reaction 
and so in some cases it may be necessary to dilute the material 


so as to btiiig down its concentration. 

When pneumococci are scanty in a specimen, mouse inocula* 
tioa may be resorted to for concentrating them. A small portion 
of the material is inoculated jnlraperitoncally into a white mouse 
and the peritoneal fluid is aspirated four to six hours after the 
inoculation. The pneumococcus multiplies rapidly in the pento- 
ncum and the exudate therefore contains large numbers of them 
besides a rich content of SSS. The organism is then typed by 
the capsular reaction. 

The agglutination test is carried out either with a pure culture 
after isolation or with the peritoneal fluid from the mouse inocu- 
lated with the pneumococcus-containing material. The latter has 
to be centrifuged and the deposit resuspended in normal salt 
solution; this forms a suitable suspension of the organism for 
agglutination test. Agglutinating sera against all the types are 
now available. The macroscopic or the microscopic method may 


he adopted. 

The precipitation test is done with SSS as the antigen. A 
watery extract of the sputum containing pneumococci or the 
cell-free peritoneal exudate of the inoculat«l mouse may be used 

<p.'261). 

Toxin Production, This orgamsm docs not produce any 
soluble toxin analogous to those of the diphtheria and tetanus 
bacilli. Under certain conditions it produces a filterable haemo- 
Ivsln which is oxygen sensitive; its function is not known. Others 
ifnve reported the production of a Icucocidin and a purpura- 
■nrodudng substance. But none of these would sppeaHo 
Ltc materially to the virulence of pneumococci. There is no 
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doubt that the virulence of the microbe is, in some measure at 
least, dependent on the specific soluble substance and the toxic 
symptoms in pneumococcal lesions may be the result of its action 
on susceptible tissues after absorption. It is present in the sputum, 
■urine and the blood of pneumonia patients. 

Antipneumococcal serum is prepared from the horse. Suitable 
animals are inoculated intravenously with killed young cultures 
of the organism for prolonged periods. The scrum is type- 
specific. It has protective properties on rabbits and mice and 
has also some curative value. The immune serum is also some- 
times known as Felton’s serum. The scrum can be concentrated 
and refined. The standardisation of serum is done by the mouse 
protection test. A unit of serum is the least amount that will 
protect mice against one million lethal doses of a pneumococcal 
culture. I . : 

Antipneumococcal serum has been recently prepared in rabbits. 
It is said to be more potent and productive of less reaction. 
As the antibody molecules in this case are smaller, absorption 
may also be more rapid. Rabbit serum is also cheaper. 

Immunity. The nature of immunity in pneumococcal infe- 
ctions is not well understood. Active immunity against the pneu- 
mococcus can be produced in experimental animals, but it is of 
short duration; it is accompanied by the presence of circulating 
antibodies, such as precipilins, agglutinins and others. In man 
also antibodies arO developed in response to pneumococcal infe- 
ctions and the immunity produced is trivial and evanescent. 
There is some evidence to show that these antibodies are in some 
■way concerned in the recovery; in what precise way they are so 
instrumental is not quite clear. Antisera prepared against the 
various types of pneumococci vary in therapeutic value; with 
some types the results are good. 

pathogenicity. Diphcoccus pneumoniae is pathogenic to man 
and some of the experimental animals. In man the pneumo- 
ooccus causes lobar pneumonia, one of the most important acute 
infectious diseases. Other lesions caused by pneumococci in man 
are bronchopneumonia, empyema, otitis media, meningitis, .con- 
junctivitis, ulcerative endocarditis, peritonitis, synovitis, etc. 
A primary 'meningitis due to Diphcoicus pneumoniae is not of 
very rare occurrence;- in fact,-rext to lungs the pneumococcus 
appears to have the greatest prediliction for the meninges. 
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vanous types are not equally vinilcnt or invasive. The 
hrst three are much more virulent and much more invasive than 
the rest. Of these three. Type III is the most virulent and Type I 
tnc least, whereas their invasiveness appears to be in the reverse 
order, the first being the most invasive and the third the least. 

The strains isolated from primary pneumococcal JesionSp 
other than lobar pneumonia, and also those from mild cases of 
the latter disease belong to the less virulent-types, comprising the 
old miscellaneous Group IV. Infection with these may be exo- 
genous or endogenous. Healthy carriers of these types are com- 
mon, Sometimes these types arc referred to as "carrier” types. 
But it should be noted that occasionally severe lobar pneumonia 
may be due to one of these carrier strains and. on the other hand, 
the virulent strains arc, though rarely, seen in healthy carriers. 
Over fifty per cent, of healthy people show pneumococci in their 
Upper respiratory passages and mouth. The percentage of earners 
is higher during the colder months of the year than at other times. 

A higher percentage is also found among contacts than among 
son-contacts. The carrier state is not constant but intermltteott 
individual carriers may carry the infection for varying periods 
of time. Minor infections from other causes, such as a cold, 
help to prolong the carrier state. A carrier may harbour more 
than one type at a time ; up to seven have been reported. Carriers 
of the more virulent or infective types are rare and, when found, 
are probably only contact carriers. These types arc almost always 
associated with disease. Infection with them is mostly exogenous 
and is usually followed by disease. A relatively high carrier rate 
with these strains is also associated with a high incidence of 
pneumonia. 

Different types of pneumocoed, and even different strains 
of the same type, may evince differences in their virulence for 
different laboratory animals. In general, mice and rabbits arc 
very susceptible to pneumococci and to a less degree guinea-pigs. 

The organism is very invasive and by whatever route it is given, 
following local suppuration a septicaemia is soon established; 
the organism does not show any partiality for lungs as m the case 
of man. tobar pneumonia has been produced experimentally 
in does and monkeys by intratracheal inoculation of the organtsm. 
Usions produced in the moakeys bear a- close resemblance to 
those of lobar pneumoma in man. 
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Lobar Pneomonla. This is an acute infectious disease occur- 
ring sporadically and cndemically. Rarely it may also occur in 
localised epidemics. Practically ail cases of acute lobar pneumonia 
are due to D. pneumoniae. In about one per cent, of cases 
Friedlander’s bacillus is found alone in the lesions ; other organisms 
that may rarely cause lobar pneumonia are the haemolytic 
streptococcus and the staphylococcus. Nearly seventy per cent, 
of cases of lobar pneumonia in adults are due to Types 1, 11, and 
III. More than fifty per cent, of cases are caused by the first 
two types, the so-called epidemic types ; the third type accounts 
for about ten per cent, of cases. After these the most frequent 
are Types IV, V, VII and VIII. Type XIV is the most pre- 
dominant type found in pneumonia of children. No doubt, 
these figures are subject to slight variations In different countries 
and even in the same country during different seasons. i 

The theory has been advanced that lobar pneumonia is the 
reaction of a previously sensitised individual. The experimental' 
«vidence, no less than the cUnico-pathological considerations, 
brought forward in support of this contention is at most only 
■suggestive, and what part, if any, bacterial allergy plays in the 
causation of lobar pneumonia remains yet a moot point. 

Lobar pneumonia is a universal disease. It occurs at any 
age but more commonly in children up to the age of six years and 
in young adults. It 1$ a very frequent terminal infection in the 
aged. It is a striking feature that lobar pneumonia occurs 
predominantly in the young adult. No satisfactory explanation 
for this has been given. Man U relatively resistant to the 
pneumococcus and marked impairment of resistance from such 
non-specific causes as alcoholism, sudden chill, fatigue, etc. is, 
in all probability, a necessary precursor of successful infection. 
An inapparent or mild infection of the upper respiratory tract 
due to sofne other organism may pave an easy way for the spread 
of infection from the nasopharynx to the lungs. Transmutation 
of types has not been proved to occur in nature. There is a well 
marked seasonal incidence of lobar pneumonia, practically all 
cases occurring during the colder months of the year when the 
■carrier rate is also the highest. 

Infection with the virulent strains are largely exogenous in 
origin, active cases and possibly infected dust forming the source 
of infection. Droplet infection undoubtedly plays an important 
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part m. tte tommission-of ite iafaction. The high incitoce 
of lobar pneumonia due 'to Types I and n in contrast to the 
ow carrier rate of rtese type, would seem to support the riw 
that mfection with these types is largely eiogenous. Carriers of 
these types are uncommon and not so important as sources of 
mfection as carriers of the less-virulent types, who are quite com- 
mon. _ Carriers may themselves develop the disease when the host 
conditions become favourable or they may transmit the infeclion 
to others. 

There is ovenvheimmg evidcace (o show that pneumococci 
enter through the respiratory route. The older view was that the 
organism first invades the blood stream by some route or other 
and then settles down in the lungs. As the result of their investi* 
gations on monkeys, Blake and Cecil were the first to cfialfengc 
this view. By direct inoculation of pneumococcal cultures into 
the trachea of these animals, they produced in them a disease 
closely resembling lobar pneumonia in man. Inoculating the 
organism directly into the Mood stream or subcutaneously failed 
to produce a similar disease. Their results have been amply 
confirmed by other workers oft a number of animals. The source 
,of infection according to Blake and Cecil is the infected droplet 
which, after gaining entry by way of the inspired air, posses through 
the .wall of one of the large bronchii near the hilum, settles in the 
interstitial tissue and sets up local ccl/uiitis which spreads along 
the perivascular peribronchial lymphatics to the periphery in 
a fandike manner. Invasion of the alveoli from without (hen 
follows, setting up an inflammatory reaction; in serious cases 
secondary septicaemia develops. From these and other mesti' 
gations there caa be no reasonable doubt now that the infection 
reaches the lung through the air passages. But regarding 'the 
exact site of the primary focus of infection, whether m the hilar 
interstitial tissue or elsewhere, we are on less firm grounds. More 
recent work, however, on dogs by Terrell. Robertson and 
Coggeshan.artd on a -nu/nber of other experimental animals by 
others' isecms to dispose of the theory of interstitial spread and 
confirm a ddferent view previously put forward by Loescheke. 

This view is that the primary focus is not in the interstitial tissue 
nor in the htlnr region but in the alveoli in-thc extreme peri- 
fiherv and that the inllammatoiy oedematbus fiuidy teeming with 
pneumococci, regurgitates as it were from this site, and passes 
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on from alveolus to alveolus directly through the pores of Kohn 
and to fmore distant parts through the smaller air passages, 
thus involving a large portion of the lung tissue. 

Secondary invasion of the blood stream by the organism is 
of frequent occurrence in pneumonia. In a good proportion of 
Cases the pneumococcus can be isolated from blood even in the 
initial stages of infection. Septicaemia is commonest in the 
most invasive Type I infection. When septicaemia occurs in 
the less invasive Type III cases, the prognosis is grave. There 
need be no correlation between the severity of the lung condition 
and the degree of septicaemia. There may be cases with per- 
sistent and severe septicaemia, ending in death, which show but 
relatively slight pulmonary changes. Prognosis in lobar pneumo- 
nia is determined not so much by the extent of lung inflammation 
as the degree and persistence of septicaemia, fatality being consi- 
derably higher when there is blood infection. 

Lobar pneumonia is marked by intense toxaemia, varying in 
degree with the virulence of the invading type of pneumococcus. 
What constitutes this toxin, is not apparent. The pneumococcus 
does not produce a soluble toxin. There is some evidence to 
show that the specific soluble substance is the cause of this 
toxaemia. It can be demonstrated in the blood, sputum and the 
urine of patients. Type 111 which forms the greatest amount of 
SSS also causes the most severe form of toxaemia. . The toxaemia 
is less with Type 11 which forms Jess SSS than Type III and least 
with Type I which forms the least amount of SSS. This is sug- 
gestive that the specific soluble substance may be responsible for 
the production of toxaemia. Type I is the most invasive; it 
is also the most antigenic and the least fatal of the three. A 
brisk response on, the part of the tissues followed by a sharp crisis 
is ‘a marked feature of this type. Tjtjc II is more fatal and 
Type III most. The specific soluble substance does not seem 
to exercise any direct toxic action on phagocytes. Sensi- 
tisation of pneumococci by the opsonins and the bacteriotropins 
is an essential prerequisite for phagocytosis, and it has been 
suggested that the specific soluble substance interferes with the 
phagocytic action by neutralising these sensitising antibodies 
(p.- 204). .Marked leucocytosis^ ,is generally an early tissue 
response in_, lobar pneumonia, A poor, leucocytic reaction 
points to an unfavourable prognosis. 
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Specific antibodies against pneamococd are fonned by the 
tissues and are liberated into the circulating blood. They ate 
elaborated from the early stages, of the disease, attaining a high 
maximum litre by the time of crisis after which the litre is main- 
tamed in the same level for some time. The presence of the 
spccifir antibodies in the patient’s serum can be demonstrated 
either by the protection test on mice or by the precipitation test 
employing SSS as the antigen. An intraderroai lest with dSute 
SSS is also available for testing the presence of antibodies in the 
blood— Francis test. An urticarial wheal with a zone of erythema 
is a positive reaction and indicates the presence of antibodies. 

The mortality rate in lobar pneumonia is relatively high. 
It is influenced greatly by the type of the invading pneumococcuj. 
Generally, the fatality rates are the highest with Types I, H and III. 
Of these, Type III pneumonia is the most fatal form, causing a 
death rate of 40-60 per cent. Types 11 and I show a progressively 
falling mortality rale, from 40-25 per cent. All the other types 
put together cause a 1 5-20 pef cent, fatality rate. 

Diagnosis. Examination of smears of materials from patients, 
such as pus, sputum, cerebrospinal fluid, etc., stained by the 
Gram's method shows the typical violet stained diplococci, the 
capsule presenting the appearance of an unstained halo round 
each pair. Staining methods alone may not be enough, parti- 
cularly with specimens like sputum. Cultures are made on blood 
agar or in buffered glucose broth if the specimen is blood. The 
colony characters and the alpha type of haemolysis provide 
additional diagnostic evidence. But it may be reminded that the 
•viridans streptococcus also develops greenish colonies on blood 
agar. Further, this streptococcus also sometimes shows a ten- 
^ency to grow in pairs and the pneumococcus, on the other hand, 
■may show a tendency to grow in chains. For these reasons, the 
diffwential diagnosis of the pneumococcus from the viridans 
streptococcus sometimes presents real difficulty. Two reliable 
tests for identification are inulin fermentation and bile solubility. 

The polysaccharide inulin is almost always attacked by the 
pneumococcus, whereas the very vast majority of viridans strains 
,do not ferment this sugar. More certain than this is the bile 
cnlnbititv test. Bife dissolves the pneumococcus but not the 
vi^ridans streptococcus. A positive agglutination reaction with 
the specific serum is conclusive. 
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Diagnostic inoculation is not necessary in the vast majority 
of cases. A small portion of the suspected material, e.g. pneumo- 
nic sputum, is injected subcutaneously or intraperitoncally into 
a mouse or rabbit. A septicaemia, fatal in twenty-four to forty- 
eight hours, rapidly develops. The heart blood shows the typical 
capsulated organism in large numbers. Apart from the point of 
view of diagnosis, inoculation of the mouse also serves to con- 
centrate the organism, when it is scanty in a specimen, for sero- 
logicals tests (p. 396). The identification of the type of the 
infecting pneumococcus is an essential preliminary to serum 
therapy. It is discussed in a previous section. 

Prophylaxis. Some observers regard that active immunisa- 
tion with vaccines confers a certain amount of protection against 
pneumonia. In any case the multiplicity of types is a great 
handicap, limiting considerably the usefulness of vaccines. The 
specific soluble substance has been employed for active immunisa- 
tion, but the results are not encouraging. 

Treatment. Specific serum therapy has some value in the 
treatment of pneumonia. It is handicapped by the multiplicity 
of serological types. It is most successful in Type 1 cases wherein 
the improvement rate is claimed to be about sixty per cent. The 
success in Type IT cases is very much less than in Type I and serum 
is of little value in Type III infection. Good results have also 
been claimed in Types V, Vn and VIII infections. Early typing 
of the infecting pneumococcus is of supreme importance. The 
serum must be given as early as possible in the disease. If serum 
administration is decided upon, a polyvalent antiserum, prepared 
against the more prevalent epidemic types, must be given imme- 
diately and the treatment should then be continued, after typing, 
with the appropriate monovalent serum. The dose should be 
adequate and the route intravenous. The initial dose may be 
10,000-20,000 units to be repeated every 8-12 hours until definite 
improvement follows. Up to a total of 100,000 units may be 
given in any single case. The scrum is very costly. Sensitivity to 
normal horse serum must be previously tested for and, if present, 
overcome by dcsensitisation. Wheal or urticarial test : 0 *1 c.c. of 
horse serum injected intracutaneously produces an inflammatory 
area at the site within forty-eight hours. Conjunctival test: a 
drop of a 1:10 dilution of horse serum instilled into the conjun- 
ctival sac produces lacrimation, redness and itching in ten minutes. 
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Heat'kiUed vaccines have been employed for therapeutic 
'purposes. In’ practice they are of doubtful utUity. ’ 

Chemotherapy. In pneumococcal infections also chemo- 
therapy has largely relegated serum therapy to a’ secondary place. 
. Sulphonarpide compounds are vety etfcctive in the treatment 
of pneumococcal Infections. Penicillin has further improved the 
outlook in these conditions. A combination of chemotherapy 
and serum treatment may yield better results than either alone. 
Drug-fast strains of pneumococci are sometimes developed ss 
a result of sulphonamide therapy. 



CHAPTER XIX 


* NEISSERIA 

The genus Nehserla contains Gram-negative cocci, usually 
occurring in pairs with the adjacent sides flattened and often 
growing poorly on ordinary media, hut growing well on serum 
media. TTiey are strict parasites and live on mucous membranes. 
Some of them arc pathogenic. Many are found as non-patho- 
genic inhabitants particularly of the mouth and upper respiratory 
tract of man. Neisseria gonorrhoeae and Neisseria intracellularis 
are the best known species. 

Neisseria gonorrhoeae was the first member of the genus to be 
described. Neisser (1879) observed paired cocci in the pus from 
cases of gonorrhoea. Due to its constant association with this 
condition and due to the absence of any other organism to account 
for it, he arrived at the conclusion that it was the cause of 
gonorrhoea. The organism was isolated in pure culture by 
Bumm (1885). Neisseria Intracellularis was the next species 
discovered. Marchiafava and Celli (1884) had described the 
occurrence of Gram-negative diplococci in the spinal fluid of 
meningitis cases. But it w.as Weichselbaum (1887) who first 
isolated the organism from the spinal fluid of patients suffering 
from cerebrospinal meningitis and described it in detail. The 
causal relationship of N. intraecUuiaris to epidemic meningitis 
■was subsequently confirmed by other workers. Since then, several 
Gram-negative cocci have been described from the healthy as 
well as diseased nasopharynx of man ; Neissena crassus, Neisseria 
catarrhaJis, Nebseria sicca, Neisseria jlava and others. Neisseria 
Jlavescens is another organism recently isolated from the spinal 
fluid of some cases of cerebrospinal meningitis in America. 

Classification. With the exception of two species, N- intrO' 
cellularis and N. gonorrhoeae, the Gram-negative cocci are very 
little studied and there is no reliable bases for the differentiation 
of species. Fermentation reactions are now relied upon for this 
purpose. While the gonococcus ferments only glucose and the 
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meningococcus both glucose and maltose, with no gas production. 
N. cafarMis attacks none of the sugars (p. 418). Pigmeat 
production is also helpful in defining a few species. 

^ Ndsscria Gonorrhoeae. The gonococcus, the causative orga* 
nism of gonorrhoea, was first described by Neisser m 1879. It h a 
strict parasitC'Of man found only in the specific icstons which 
it causes, wherefrom it may frequently invade the blood strcain. 

Morphology and Staiolog. Gonococci are oval or ^phtrlcal 
in shape, 0*6-1 *0/* in diameter and arranged typically in pairs. 
The opposed surfaces are flattened and usually slightly concave 
and the long axis of the pair is at right angles to the a 3 ds con- 
necting the two cocci, giving a renifom or coffee bean appearance 
to the organism. The occurrence of single cells and icvoIuticD 
forms is very common in cultures, the latter due to autolysii. 
Such aberrant forms are also encountered in chronic leisons. 
Gonococci are generally intracellular, clustered up in cnonnous 
numbers in pus cells; as many as a hundred may be seen in a 
single cell. They are non-capsolatcd and not motile. They Uke 
the ordinary stains without diiBculty and are Gram-negative and 
non-acid-fast. Staining is uneven in older cultures and in mate- 
rials from chronic cases. 

Growth Beqairements. The gonococcus is essentially ss 
aerobe, little or no growth occurring under strict anaerobic 
conditions. A 10 per cent COj tension seems to improve growth. 
The optimum temperature is 37* C; no growth occurs below 
30* or above 39* C. The optimum pH is 7 -5. 

The cultivation of the gonococcus is not easy. It does not 
grow on ordinary media. The addition of ammal proteins, such 
as blood, ascitic or hydrocele fluid, to the medium is essential for 
growth. A 10 per cent, heated Wood agar or ascitic agar made 
with infusion broth is a satisfactory medium. Drying is inimical 
to its life and the presence of plenty of moisture has to he ensured 
in the medium for growth. Outside the tissues, the gonococcus 
remains viable only for a short time. Therefore, immediate 
insemination of the infectious material into the medium is essential 
for success. Growth may be slow. 

. . Colfawl Characters. The colonies on sohd media are small. 

the sire of a pin head, round, translucent, finely granular 
tith lobate margin and grejdsb white with a pearly opalescence 
by iransmitted light. In serum broth growth iS veo' poor, gmng 
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tise to Httle or no turbidity and a slight granular deposit. Auto- 
lytic changes set in rapidly arid distorted forms are by no means 
rare in fluid cultures. 

- Biochemical Actltity. This organism exhibits considerably 
restricted fermentative capacity. It produces acid without gas 
from glucose but not from other common sugars. Indole is not 
formed' and no change is produced in litmus milk. Catalase 
production is marked; the production of indophcnol oxidase is 
turned to practical use for the identification of gonococcal colo- 
nies. The growth on heated blood agar, after two days incuba- 
tion, is flooded with a one per cent, solution of tetramethyl-p- 
phenytenediamine hydrochloride which is drained off immediately. 
Gonococcal colonies, in fact colonies of all bacteria that form 
indophcnol oxidase, develop a rich purple colour— the so-called 
oxidase reaction. The addition of the reagent does not destroy; 
the organism immediately and subcultures may be successful if 
done within half an hour after pouring the solution. 

Resistance. The gonococcus is a delicate microbe readily 
destroyed by adverse agencies, like heat, light and chemicals, 
Moist heat at 55’ C. destroys it In less than five minutes. Drying 
•under ordinary conditions is rapidly lethal to its life. Outside 
the tissues the organism perishes soon, in about an hour or two. 
However, viability may be retained up to three days or more on 
linen soiled with gonorrhoeal discharge. Dilute antiseptics des- 
troy gonococci very rapidly ; a one per cent, phenol, for instance, 
kills them in one to three minutes. The organism is likewise 
highly sensitive to certain dyes and silver salts. It is very sus- 
ceptible to its own ferment and so autolytic process is a very 
conspicuous feature. For this reason, the preservation of stock 
culture is not easy. When cultivated on suitable media provided 
■with plenty of moisture and kept at 37’ C., it may. survive up to 
a week. Frccze-dtyvng is another satisfactory method of pre- 
serving cultures. 

Variation. Two different types of colonies have been observed: 
a large, irregular, flattened, transluscent colony on which papillae 
develop on continued cultivation— T^e I, and a smaller round, 
slightly raised, low convex, opaque colony, forming no papillae— 
Type 11. Type I colonics are formed generally from pus from 
acute gononhoca and Type H in old laboratory cultures and 
from materials from chronic cases. There arc probably inter- 
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tossards transformalion to Type n. These colony types seem to 
agree with the serologjcal types. 

^ Antigenic Structure. The goniscoccas shows a complex 
gemc structure. Recent work on antigenic analysis of the orsanism 
indicates the presence of polysaccharide and nucleoprolein fra- 
ctions which are common to other members of the /^e/sseria 
group. The occurrence of type-specific carbohydrates has also been 
reported. Gonococci do not form a serologically homogeneous 
group. On (he basis of agglutination and agglutinin absorption 
tests, two main serotoghal types have been described-Type f 
and Type 11. Strains isolated from acute lesions correspond to 
Type I and those from chronic lesions fall under Type IJ. These 
immunological types are correlated with the cultural types men- 
tioned above. 

Toxin Production. //. ganorrhoeae docs not form any soluble 
toxin. Endotoxin is, therefore, what is responsible for patho- 
genesis. Due to rapid autofysis fluid cultures may contain vary- • 
ing amounts of the toxic material, “nie endotoxin is fairly, toxic 
to experiments) animals, like mice, guinea-pigs and rabbits; large 
doses, intrapentoneally injected, kill the test animal rapidly. 
The organism does not seem 'to multiply in the animat body. 

Pathogenesis, It is a strict parasite of man and causes the 
primary urethritis called gonorrhoea. From the primary scat 
the infection may spread rapidly along conriguous mucous sur-' 
faces and give rise to secondary lesions, such ss prostatitis, epi- 
didymitis, vesiculitis, cervicitis, inflammation of the Bartholin’s 
glands, salpingitis, pyosalpinx, peritonitis and other inflammatory 
conditions. Proctitis is also a common coropUcation, partinilarly 
in women and female children. Gonorrhoeal ophthalmia is rcia- 
tively rare in adults but serious. Some people regard that the 
adult conjunctiva is less susceptible than the infant's. From the 
lesions gonococci may invade the blood stream and cause septi- ■ 
caemia with localisation in the joints, endocardium or meninges. 
Gonococcal arthritis is a relatively frequent complication. Endo- 
carditis is much less common but more serious. In the newborn 
the gonococcus causes the condition called ophthalmia neona- 
torum the inftclion occurring from the matenisJ parts during the 
nassaec of the foetus through the birth canal. A persistent vulvo-/ 
vaginitis in female children is often gonorrhoeal in ongm. ,A 
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primary gonococcal vaginitis does not occur in the adult female, 
as the squamous epithelium lining her vagina is relatively insus* 
ceptible to invasion by this organism. The vaginal epithelium 
of children is columnar in type and this is very vulnerable. How- 
ever, it may be remembered that not all cases of ophthalmia 
neonatorum and vulvo-vaginitis of children are due to gonococci. 

Gonorrhoea is an acute infectious disease primarily affecting 
the genito-unnary tract. It is widely prevalent among all classes 
of people, regardless of social status. Except in the case of vulvo- 
vaginitis in children, direct contact, usually sexual, is the mode 
of spread. The spread in vulvo-vaginitis is commonly by the 
indirect method through infected towels, bed clothes and the like. 
A tendency to chronicity is a marked feature of gonorrhoea and, 
once infected, an individual may remain infective for many years. 
Even after apparently complete cure the organism may persist 
in the genlto-urinary secretions for a long time, although bacterio- 
logical examination may prove negative, and propagate the 
' infection. 

Immunity. Little o; no immunity Is developed as the result 
of an attack of gonorrhoea and second and third attacks may 
occur even during the pendent^' of the first. Antibodies, like 
agglutinins, precipUlns and complement-fixing antibodies, are, 
however, found in the patient’s blood. A marked skin reaction 
to killed gonococcal suspensions has also been noticed. The 
role of phagocytosis in gonococcal Infections is not weJJ under- 
stood. 'i 

Diagnosis. The diagnosis of acute gonorrhoea is fairly easy. 
The organism is present in large numbers in the discharge at an 
early stage, but later its number is reduced and secondary invaders, 
like the pyogeiuc cocci and diphtheroids, make their appearance. 
Urethral discharge from males and urethral and cervical discharges 
and materials from the para-urethral or Skein’s glands and 
Bartholin’s glands from females should be examined. Vaginal 
discharge from the infants and children should be examined in 
suspected cases of vulvo-vaginiris, the purulent discharge from 
the eye in cases of ophthalmia neonatorum contains the organism 
usually in large numbers. Examination of a smear, made from 
the material, after staining by the Gram’s method, shows tfie 
characteristic Gram-negative bean-shaped diplococci, mostly 
occupying an intracellular position. Often the pus cells are 
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with gonococd. Sccondao- organisms are tare. If 
Zr,rT ^ P™»!*nal diagnosii of 

race! Morphologically identical 

I ' ' '“P* ”>oy Im present in the vagina or 

t e conjnncliva When there is purelent discharge and a smear 
itl.f ®«"'-’''«otive diplococd, it is fairly certaia 

mat the condition is not gonorrhoeal in origin. However, when 
^ean are doubtful or negative, culturing is to be proceeded »ilh. 

e isolated cultures arc then idcntiiied by fermentation tests 
(p. 418. Table X). , , 

In chronic cases the diagnosis is very difficult. The orga- 
nisms may be scanty and fail to show the paired arrangemeBt, 
characteristic shape and the intracellular position. Id meta- 
static lesions, like arthritis, the exudates are often sterile. For 
these reasons, direct examination of smear is inconclusive and 
i^ltivation of the organism by suitable cultural methods is cssefl- 
tial to establish a diagnosis (p. 300). £ven the latter procedare Is 
very difficult, especially in the female. Jd the male the “morning 
drop ” of secretion from the urethra and the prostatic fluid, obtain- 
ed after massage, and in the female materials coUeclcd from the 
situations mentioned above are to be used for culture. Cervical 
discharge should be taken through a vaginal speculum as, other- 
wise, contamination from the vagina will render isolation un- 
usually difficult. Endeavour should be made to inseminate the 
material directly from the patient into the medium; if this is not 
possible, inociiiation should be done without any delay after 
taking it, incubating the culture medium immediately after. The 
oxidase reaction described above is helpful in identifying the 
colonies of gonococcus from a mixed growth. It is followed 
up by the examination of smears from the purple colonics by 
the Gram’s method. By this procedure isolation also is rendered 
easier. Subcultures from the identified colonies are successful 
if made immediately after pouring (be solution. The cultures 
are then put through sugar reactions. More recently a micro- 
scopic test, based on the solubflfty of gonococci in N/IO NaOH, 
has been described for the further difTcremiation of gonococcal 
colonies from colonies of other Neisseria. ^ 

Serolo^cal Methods. The coroplemcnt-fixahon test ts of 
value in the diagnosis of chronic cases. Precipitation and skin 
tests give irreguTaf results and are but seldom employed. It « 
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claimed that in the first week of the disease 27 per cent, of cases 
give a positive complcmeiit*fixation reaction, rising to hundred 
per cent, by the end of the fifth week. An extract of the organism, 
prepared by treating it with KOH followed by neutralisation, 
forms the antigen. A number of freshly isolated strains should 
be included for extraction. The general technique followed is the 
same as that foi the Wassermann lest. When interpreting the 
results, it should be remembered that a positive reaction is also 
caused as the result of vaccine treatment. But it is evanescent. 
Repeated negative results in a treated case, in which the test had 
been previously positive, indicate cure. 

prophylaxis. The prophylaxis of gonorrhoea consists in the 
avoidance of infection. Moral and personal cleanliness is the 
most important factor in prevention. Early diagnosis and effi- 
cient treatment also help in preventing spread. Specific immuni- 
sation is of no use in the prevention of infection. The use of 
antiseptics after exposure may have some value ; a solution of 
argyrol or protargol is instilled into the urethra. The routine 
method of Instilling solutions of silver compounds into the eye 
immediately after birth has been very successful in reducing the 
incidence of ophthalmia neonatorum. 

■neatment. Vaccine therapy has some adherents. It is not 
universally regarded as effective. Many consider it as useless 
if not harmful, while others claim that it is a very valuable adjunct, 
particularly in the treatment of complications and in chronic 
cases. It seems to give a good account when used as a provo- 
cative to flare up a chronic condition. Antigonococcal sera have 
not proved successful in the treatment of gonorrhoea. 

Chemotherapy has entirely altered the problem of the treat- 
ment of gonococcal infections. Sulphonartiides, particularly 
sulphathiazole and sulphadiatine, have proved efficient remedies 
in gonorrhoea. However, their use is not uniformly successful 
and sulphonamide resistant cases are not infrequent,' Penicillin 
is a better remedy than sulpha compounds and its success in the 
treatment of sulphonamide resistant cases is particularly fortu- 
nate. Pyrotherapy and other drastic and troublesome measures 
have been tendered unnecessary by the inltoduclion of the sulpha 
Compounds and penicillin. 

Neisseria intracellularis. The meningococcus has been called 
by several names by different anthorities. Weichselbaum C1877j, ' 
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rasM 'So'j'tcd it from the mcttingatl emiate derived from 
^505.01 cerebrospinal mcniDjitB. culled it Dipbcccm lm„. 
ceiluhrli rnenlngum. Some ’of the .other names subsequtaiiy 
usea are Microtuctm Inlractllnhtls meningim, MImesem 
^ctungiUdis Sind Neisseria meningitidis. 

• Hflbifat, Jj is an obligatory parasite of man and its natural 
a ilal js the nasopharynx. It is (bund in the ccrebtospma! 
^ nasopharynx and rarely other situations in • patients 

suflering from cerebrospinal meningitis, , 

Morphology and Staining. Mcaiogococci arc spherical «I!j, 
0*6~0'8 micron in diameter, occurring singly, .in pairs with 
flattened opposing surfaces or occasionally in tetrads or groups. 
The meningococcus resembles the gonococcus closely. In 
meningeal exudates the paired arrangement and intracellular 
position are both characteristic. But even in the same specimen 
variability in size may be a marked feature. In cultures too the 
typical arrangement is often lost and great variations in shape 
and size arc encountered. Meningococci are devoid of capsule 
and flagella. They are readily stained by simple stains and are 
Gram-negative and not acid-fast. Inegular staining, particu-' 
larly of old cultures, may be noticeable. 

Groirth Bequlrements. The organism is on aerobe and does 
not grow under strict anaerobic conditions. The presence of 
10 per cent. CO, is said to enhance growth. The optimum 
temperature is 37° C. with a range of 22‘*-40®C. Below 30® C. 
growth is very poor. The optimum pH is 7 -4-7 •€. 

The meningococcus is less dimcult to grow than the gono- 
coccus, JEnrichment of the simple media with natural proteins 
is necessary for growth. Serum agar and Wood agar media are 
satisfactory. The addition of glucose to these improves the 
growth further. Chocolate agar or Wood agar with infusion base 
seems to give the best results. 

CoUaral Characters. On serum agar the colonies after 
twenty-four hours arc small, Just more than I mm. m ctometer, 
slightly convex, transparent and glistening with a bluish ^hwo. 
Older colonies may be opaque and granular in the centrj^shghfly 
yellowish in colour and having a crenated f Jf/ 
nies are butycous in consistence and casdy emuJsiflaWe. Old 
ZZtcV.rc Jss c^cacing in (S«> food r«,oirco=«.v and roay grow 
cuuures u»c ^ ^ serum broth causes 


on ordinary agar or 


glucose agar. Growth in s 
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moderate, turbidity, and slight granular deposit. Frequent trans- 
plantation is necessary to keep the organism alive.’ On Dorset’s egg 
medium it grows poorly but remains viable for a number of days. 

- Biochemistry. As in the case of .i/. go/iorr/;oetf(?, the fennen- 
tative capacity of the meningococcus is restricted. It attacks 
both glucose and maltose, stopping short with the production of 
acid. The action on maltose differentiates it from the gonococcus. 
There is no change in htmus milk and indole is not produced. 

A weak haemolysin is produced and some strains show a 
slight yellow pigmentation of colonics. Catalase production is 
positive and autolysis is a marked feature; the organism dies out 
quickly in culture. This is less marked on egg medium. 

Resistance. The meningococcus h a dehcate organism and 
is highly susceptible to inimical agencies. Desiccation is parti- 
cularly destructive. When dried under ordinary atmospheric 
conditions, the organism dies out in two to three hours. It is 
killed by moist heat at 55* C. in less than five minutes and by 
one per cent, phenol in one minute. Sealed cultures made In 
suitable media and kept at 37*0. may remain viable for four 
or five weeks. 

Antigenic Structure. From the available evidence it appears 
that certain antigenic constituents are shared not only by 
N. gonorrhoeae and N. iniracellularis but also by other members 
of the group. The antigenic structure of the meningococcus is 
complex and the species does not constitute a serologically homo- 
geneous group. Gordon and Murray classified the organism 
into four types on the basis of agglutination test. Types JI and 
IV are closely related and exhibit marked cross agglutination. 
Other workers consider that all the known strains can be brought 
under two groups. Groups I and II, there being little serological 
distinction between Cordon’s Types I and III and Twje4,il and 
rv. In general. Type I seems to be associated with (oe epide'Aiic 
form of the disease and Type II predominates in the interepidemic 
periods. Recently, a new type with resemblance to Type II, and 
therefore called Type II a, has been described. 

Toxin Production. No soluble toxin is known in the case 
of N. iniracellularis. Endotoxin seems to be its weapon of 
' offence. Presumably, it is responsible for the profound toxaemia 
seen in meningococcal meningitis. Due to autolysis, powerful 
toxic products arc liberated in cultures. Recently, claims have 
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“nto J mcningoco^-. B„. ft,, 

M«'“8“o«al iof«tions are confined to 

peritoriMlIy into micei evaes-pigs or rabbits, the animals die of 
oxa^ia in one to four days. TIic organism does not sccra to 
multiply in the animal body. 

The mcninsococcus has a selective affinity for the mnungei 
and causes sporadic and epidemic cerebrospinal meningitis. The 
posterior basic, meningitis of children, which occurs mostiy ia 
sporadic form, has also the same aetiology. Jt is being increasingly 
recognised that the meningococcus may also cause subacute and 
chronic septicaemia without meningeal involvement unless as a 
complication. 

Besides fieissetia inttafellukfis^ a varfety of microHJrgatiisnis 
may cause inflammation of the meaiogeal investments of the 
cerebrospinal axis. Mostly, this type of infeetlon is seconda^ 
to some pricnary foci situated elsewhere in the body. The com* 
mon organisms may be the pneumococcus, streptococeus, tuberefe 
bacillus, staphylococcus, iniiuenia bacillus, typhoid, colon and 
plague bacilli. Of all these, sjeningococcal mcningiiis is the only 
type which occurs in epidemic form. 

Meningococcal meningitis is endemic in many of the large 
towns and csties and may take an epidemic turn. Sporadic cases 
occur at intervals in these places, serving as a connecting lick 
between epidemics. Epidemics of meningococcal meningitis 
peculiar in that they consist of a series of small recurrent out* 
breaks spread over a longer time instead of a single violent wave 
sweeping through within a short period as in other epidemics. 
Again, in an epidemic area the cases are widely scattered about 
also in point of place rather than clustered together like other 
epidcTnic5. 

The infection is air-bornc by the droplet methoa. Direct 
contact may also transport it. The organism enters throvsh the 
upper respiratory tract and reaches the nasopharynx where it 
may or may rtot produce a mild rbinophaiyngitis. la either case 
the organism settles Sown there and a carrier condition is esta- 
blished. Carriers may be fcaiporaty or permanent. The orga- 
nisms arc discharged in the nasopharyngeal secretions; it may 
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not be continuous but intermittent, sometimes with long 
intervals. ^ , 

Carriers are mainly concerned in the transmission of infe* 
ction. Epidemics of meningococcal meningitis are sometimes 
referred to as “carrier epidemics”. There is indeed a pre*epidemic 
increase in the carrier rate which may even reach 50 per cent, 
or more. Some workers regard that it Js only after such a 
saturation point is reached do epidimics start. Among the 
military populations an enormous prc'epidemic increase of the 
carrier rate, from 2-4 per cent, of the normal times to as high 
as 80-90 per cent, during the height of epidemics, has been 
reported by many investigators. The possible sources of 
infection are the healthy carrier, the convalescent carrier and 
the active case. Of these, the healthy carrier appears to 
be the most frequent cause of transmission. Active cases are 
not important transmitters of the infecUon, Persons who come 
in contact with active cases may also acquire the infection and 
become temporary or permanent carriers but seldom develop 
the disease. Another source of spread is the clinically unrecog- 
nised, mild and abortive cases; such cases do undoubtedly occur. 

Overcrowding, such as occurs in barracks, hostels, schools, 
theatres and similar institutions, favours rapid diffusion of the 
infection. Due to the same cause the infection is wide spread 
in large cities and towns. Conditions obtained during cold 
weather, such as closer association of people and reduced ventila- 
tion, are also conducive for the rapid spread of the infection. 
Also, during the cold weather many people suffer from a mild 
catarrhal condition of the upper respiratory tract, which, by 
reducing the local resistance of the nasopharymt, may facilitate 
an easy colonisation by memogococci. All these factors contri- 
bute to the establishment of a high carrier rate and when condi- 
tions become favourable epidemics break out. Some observers 
consider that epidemics break out only when the carrier rate goes 
beyond 20 per cent. But the existenc5 of any such relationship 
between the carrier rate and the onset of epidemics has not been 
established. 

It is only a small proportion of the carriers that develop the 
disease. The susceptibility of the meninges is apparently low. 
Hence, there is always a preponderance of carriers over cases. 
The virulence of the meningococcus and the impaired resistance 
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"" rfelermmmg the develop, 

e t of the disease. Different strains of meningococci are « 

more virll G™"? I strains are 

more virulent than Group n strains; the former are respoitsibfe 

for most epidemics, while the latter predominafe during the imer- 
cpideimc periods. Further, it may he that during the pre^pi- 
acmic period there U a stepping up of the invasive property of 
tne organism, promoting its spread from the nasopharynx to the 
meninges and the tissues. In the host such conditions as over- 
exertion and fatigue, iowering of resistance from any other cause 
and unhygienic surroundings may also determine the spread of 
the organism to the meninges. The maximum prevalence of 
the disease is during winter and spring, coinciding with the pe^k 
period of carriers. It is more common in cities and towns than 
in the rural areas. It is also commoner among children and 
adolescents. The military populations are particularly prone 
to develop the disease. Sex and race have no particular influence. 
However, the incidence is greater in men than in women; this 
may be an expression of greater opportunities for confracting the 
infection rather than any dilTcrcnce in susceptibility. 

How exactly the organism reaches the meninges from the 
nasopharynx, is not clear. Two views have been expressed. 
One is the direct transmission of the germ from the naso- 
pharynx to the meninges, eiibcr by direct tissue extension or by 
the perineural lymphatics of the olfactory nerve filaments trans- 
porting it across the perforated plate of the ethmoid bone. 
According to this view, the invasion of blood, which undoubtedly 
occurs, is a secondary phenomenon. The other view is that the 
blood is invaded directly from the nasopharynx and an initial 
septicaemia occurs foiiowed by localisation in the meninges. The 
involvement of the meninges, if ibis view is the correct one, is a 
secondary event. Haematogenous route is supported by the fact 
that blood cvlture is often positive in the early stages of the 
disease before any meningeal symptoms appear; as also by the 
occurrence of meningococcal septicaemia without meningeal 

involvement. j ., 

On reaching the meninges, the organism muftiplies and appa- 
rently sets fr®® ^ powerful endotoxin which causes an acute inflam- 
mation of this structure followed by purulent meningitis. 
Meningococci are invariably present in (he cerebrospinal fluid 
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which may vary in appearance from 'a slight turbidity to the 
consistency of actual pus. The organisms may be few or in large 
numbers, both free and within the leucocytes. When blood 
infection occurs, haemorrhages into the skin is a common feature 
and petichiae appear. It is this that has given the disease one 
of -its common names— -spotted fever. Meningococci may be 
found in these rashes. 

Cerebrospinal meningitis is a serious disease causing low 
morbidity but a high case mortality which is about 70 per cent. ; 
it ranges between 35 and 90 per cent, in individual epidemics. 
The introduction of scrum treatment has reduced the mortality - 
rate by fifty per cent, and sulphonamide therapy has reduced it 
still further to about 10 per cent. The highest mortality is among 
infants and the lowest in children between S and 10 years of age. , 

Immutiity. Antibacterial antibodies are produced during the 
course of the disease, but they arc too irregular to be of diagnostic . 
value; they also disappear rapidly from the blood. How long 
the immunity lasts after recovery from the disease is not known. 
Second attacks rarely occur. 

Diagnosis. The spinal fiuid, blood and nasopharyngeal swabs 
are the materials available for examination. Of these, the first 
is the most important. The spinal lluid is usually turbid and 
loaded with pus cells. Direct examination of films made 
from it and stained by the Gram’s method shows the Gram- , 
negative dlplococd, mostly intracellular but also outside the 
pus Cells. On the slightest suspicion of a case, drainage of , 
the cerebrospinal cavity must be ddne. It is also a therapeutic 
measure. The detection of a Neisseria organism in the cere- 
brospinal fluid is practically certain of the diagnosis, especially 
during an epidemic. The gonocoCcus may cause meningitis, 
but it is exceedingly rare. In the very early stages of the disease 
and also at a later stage meningococci may be very scanty in the 
cerebrospinal fluid which may be quite clear. 

Cultivation of the organism is the next procedure. For this 
purpose a specimen of the fluid should be transferred to the labora- 
tory without any delay and direct inoculation made into suitable 
media. Should the fluid happen to be clear, a centrifuged deposit 
is to be used for culture; or the whole fiuid should be incubated 
for 24 hours before making cultures from it. This enables the 
organism to grow in the cerebrospinal fluid. The isolated orga- 
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nism can be Wentified by its staining reactions, colonial appear- 
ances and by its action on glucose and maltose. The agglutina- 
tion test with the type-specifid sera inay be employed for typing, 
when necessary. Isolation of the organism by blood culture also 
may be attempted in the early stages or when meningeal symptoms 
are absent, in the early stages of the disease' and in the case of 
carriers, cultures may be made with materials taken from the 
posterior pares and the posterior wall of the nasopharynx. During 
the act of taking, the swab should not come in contact with any 
other surface. West’s swab is specially designed for this purpose. 
Cultures should be made immediately on serum agar or infusion 
blood agar and incubated without delay. The meningococcus also' 
is oxidase-positive and the oxidase test may be used for identifyiog 
its colonics in the nasopharyngeal cultures. The identification 
of the organism isolated from the nasopharynx should be finally 
confirmed by agglutination with a polyvalent or mocovelefit 
specific serum. 

TABLE X 

Fennentation Reactions of the Gram-Negative Dlploeoccl 


Neisseria 


//. Iniracellukris 
N* gonorrhocae 
Nv catarrhohs 
N. 5*cca 
M p^rjiava . . 
tf.fiava 
S.suhfiava .. 

^arescens 
/>. mucosus . . 

P, crassus . • 


A 

A- 

A 

A 

A 

A 

A 

A 




in a Ureyer:» - 


■ the specific seru® 
tc opaque r/ng » 
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formed at the surface of contact in a few minutes. If immediate 
reaction is not obtained, the tube is incubated in a water bath 
at 37“ C. for one to two hours. 

Prophylaxis. Specific immunisation is of no value. Measures 
preventing overcrowding and physical overexertion may reduce 
the incidence. It is important to maintain a healthy naso- 
pharynx, The early detection and treatment of carriers and 
cases are also essential in prevention. 

■ Treatment. Spinal drainage and serum therapy were the 
mainstay of treatment till the introduction of the sulpha com- 
pounds. Serum is of definite value. Since its introduction by 
Flexner, the fatality rate has been reduced from 70 to 30 per cent. 
It is an antibacterial serum and is prepared by the active immuni- 
sation of horses first with killed and later with living meningo- 
cocci. Uniform and accurate method of standardisation is not 
available due to the absence of any susceptible animal. Stan- 
dardisation on the basis of mouse protection has been suggested. 
Both type-specific and polyvalent sera are available and where 
typing is not possible or delayed the latter should be used. The 
dose is 30>60c.c. in adults and proportionately less in children. 
It should be given once or twice a day for four to five days, depen- 
ding upon the seriousness of the case. It is injected into the cere- 
brospinal cavity either by the lumbar or the cisternal route. 
The serum should be warmed to the body temperature and the 
amount administered should be slightly less than the amount of 
cerebrospinal fluid drained. It should be given immediately 
the diagnosis is made or as early as possible. The intrathecal 
administration may be reinforced through the intravenous route. 
Recently, antimeningococcal serum prepared in the rabbit has 
been said to be superior to that prepared in the horse. 

Chemotherapy has considerably improved the outlook in 
meningococcal meningitis. The sulphonamide compounds are 
highly effective in the treatment of this disease. Many workers 
advocate a combination of chemotherapy and serum therapy. 
Penicillin is lethal to meningococcu Administered intravenously 
or intramuscularly in sufficient doses, penicillin seems to reach the 
cerebrospinal fluid in adequate concentration, rendering intrathecal 
administration of it unnecessary; but spinal therapy may be safer. 

' Other Neisseria Organisms.' A heterogeneous group of Gram- 
negative cocci exhibiting sli^t differences in their colonial appear- 
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cZLt f reactions 'afid metabolic activities are foaad as 
commensals 10 the upper respiratory tract. They have not tee« 

Shihli or!.?! ®!'''’.."”'- sa'isfaclorily. Most of them 

exhibit greater biochemical activities than the pathogenic {{emerla. 
In association with other organisms they may be frequeahy 
encountered in many’of the inaammatory lesions of the mucous 
mem rane. Two species designated Diphcoccus mucosus and 
■D'plococcm crassus arc described under Neisseria by some 
nuthorities. The former is probably a rough variant of some 
Neisseria, The inclusion of the latler in this genus is open to 
question. 

Neisseria catarrhalts. This is a Gram^negativc coccus 
arranged in singles, pairs, tetrads or small clumps. Its natural 
habitat is the upper respiratoiy tract, and in common cold and 
many other respiratory infections it is found as a secondary 
invader in association with the causative agents. 

In morphology and staining reactions it resembles tbe 
meningococcus. As a rule, it is somewhat smaller than the latter. 
But in tissues Neisseria catarrhalismzy sometimes appear sb’ghlly 
larger than the meningococcus and the latter slightly larger than 
the gonococcus. 

It grows readily on all media, but a few strains require 
enrichment with blood or serum for the first few cultures. The 
colonics arc larger and more opaque than those of the 
meningococcus. They tend to undergo very rapid variation. la 
broth growth occurs as a scaly or granular deposit. The orgaoisia 
^ows rapidly at room temperature. Biochemically it is inert 
l^eisseria catarrhalis is either non*pathogcnic or of low patho- 
genicity. It IS often regarded as causing catarrhal inflarmnation 
of the respiratory tract. Some strains arc pathogenic, liie 
meningococci, for white mice. 

Neisseria Sicca. It is a small Gram-negative coccus found on 
the mucous membrane of the respiratory tract. Its colonies on 
solid media are markedly dry, tough, veiy firmly adherent to the 
medium and almost impossible to emulsify. Hence designated 
N. sicca. It ferments glucose, saccharose, Jevulose and maltose. 
Some regard it as merely a rough variant of some other type of 
nasopharyngeal Neisseria. . ^ a 

Ihe Neisseria Hava Group. Neisseria fava. Neisseria perfiava, 
and Neisseria subfava arc Gram-negative diplococci also found 
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on the mucous membrane of the upper respiratoiy tract in man, 
posscssing'chromogenic activity. In morphology they resemble 
catarrhalis. They produce greenish yellow colonies on solid 
media. Their biochemical reactions are given in the table on 
page 418. 

Neisseria Flavescens. This is a chromogenic member. It 
resembles the meningococcus in morphology but differs from the 
latter in its production of a golden yellow pigment and in its 
complete inactivity towards carbohydrates. Serologically it 
forms a homogeneous group different from the meningococcus; 
antimeningococcal serum does not agglutinate it. It has been 
reported from America as the causative organism in some cpi- 
'demics of cerebrospinal meningitis. 

Diplococcos Mucosus. This includes capsulated Gram*nega« 
tive diplococci growing in mucoid colonies on solid media. It 
may be a variant of some type of Neisseria. 

Diplococcus Crassus. This organism grows in minute colonies 
somewhat resembling those of streptococci. The staining by 
the Gram’s method is irregular, some elements staining Gram- 
positive others Gram^negative. Its attack of lactose differentiates 
it from the Neisseria group of organisms. It does not seem 
justifiable to include this species in the genus Neisseria. 

Veniouella 

This genus includes minute Gram-negative cocci, about 0 -3 
micron in diameter and occurring in masses. The cells are 
undifferentiated and united by an interstitial substance of an 
ectoplasmic nature. They are anaerobic and grow best at 37° C. 
They occur as commensals in the natural cavities of man and 
animals, particularly the mouth and alimentary tract, It is very 
doubtful whether they have any pathogenic role, though they 
may be isolated from the diseased appendix, pyorrhoea alvcolaris 
and pulmonary and other lesions. 
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bacterium 

THE COLON-TYPHOID-DySEPnnERY GROUP 

Bacieritm is a very large genus and contains the coli, enteric, 
food poisoning and the dysentery groups of organisms besides 
a host of related species. They are typically intestinal parasites 
of man and animal but are also found widely distributed in 
nature, leading a commensal or saprophytic existence. As ia the 
case of the generic name ffaciUus, the term " Bacterium " is open 
to objection as a generic title owing to the possibility of its dual 
application. However, for mat of a better and agreed aomen* 
clature, it is necessary to retain it pending future revision. Much 
chaos exists at present in the nomenclature of this genus, its sub- 
groups and species owing to the indiscriminate use of terms, 
like Eberthella, Eseheridtia and Kkbsella, that have not received 
general agreement. The introduction and use of such terms should, 
therefore, be avoided in order to prevent further confusion. 

The members comprising this genus arc Gram-negative, 
non*sporing, rather stout rods with rounded cads, often motde 
with pcfitricftate Bagella: aerobtc and facultatively anaerobic.* 
biochemically very active, producing acid and frequently gas in 
carbohydrates: not usually liqueG'iog gelabn or coagulated serum. 

A satisfactory classification of the several groups of organisms, 
provisionally included in this genus, has not been arrived at. 
Several schemes have been proposed from time to time, but none 
has received universal acceptance. A provisional primary class!* 
location, and one that is very convenient and widely employed, 
is based on the ability of the constituent species to ferment 
lactose. Thus, there are the lactose^fermcnims sroup, members 
of which are usually non-pathogenic, and the non-Iactose-fenncn- 
tlng group, containing most of the intestinal pathogens. It should, 
however, be noted that the correlation between the lactose 
fermentation and pathogenicity is none too rigid, the lactosc- 
fcnncnters sometimes showing pathogenicity and conversely some 
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of the avowed pathogens, like cwtaio of the' dysentery badUi, 
being slow lactose^fermenters. A few, species are uncertain in 
their action on lactose. Further classification is made on the 
basis of their biochemical acthities and clinical manifestations. 
There is no serological relationship between these diflerent groups. 

TABLE XI , 

A Tentatire nassificatioo of the Intestinal Bacteria 


1. La ctose'fermcnters : 


Coli group 


Bad. coJi commune 
Bad. coH commimior 
Bad. neopoVitanum 
Bad. coscoroba 
Bad. acMi'Iactici 


2 . 


Aerogeoes group 


Fn'edlander group 




Bad. cerogenes 
Bad. chacae 




Bact. frledlanderl 
Bad. rhionoscleromatis 
Bad. ozoenoe 


Lactose fementatioa variable: 


Paracolon group 
3. Non4actose-fennenters: 


(fiad. aslaiicum) 


A. Salmonella group: 
Enteric 


Food poisoning 


{ Bad, typhosum 
Bad. paratyphosum A 
Bad. paratyphosum B 
Bact. paratyphosum C 


isact. enteritidis (Gaertner) 

The paratyphoid group of bacilli may also cause 
food poisoning. 


B. Dysentery group'. 

Bact. shlgae 

Bact. ambiguum (Schmitz) 
Bact.fiexneri 
Bact. sonnei 
Bad. newcastle 

' Bact. alkalescens 

Bact. dispar 
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Tie Lactose-Fennentiog Bacteria 
“nie Coli Group 

■ , are nofmai inhabitants of lie 

wtestinal canal, especially the lai^e intestine, of man and animals. 
Jiere are several species but slightly varying from one another, 
in 1886 Escherich isolated a colon baciUus from the faeces of 
healthy infants and named it floe/, eo/f nmmmc. Since then, 
several other closely related species have been found to occur in the 
intestines. Their constant presence in the faeces and their hardy 
nature will readily explain their wide distribution in nature, in 
soil, sewage and water. 

Morphology and Staiohig. The colon bacilli exhibit coosi- 
derable variation in their morphology. They arc straight rods 
with rounded ends, 2 0-4‘Q by 0*5^, but long filamentous and 
short coccobaciliaty forms may also occur. They are occasionally 
found in pairs or short chains. Many species are actively motile 
with peritrichatc flagella, while others are aflsgcllstc. A few 
species are capsulated. Spores are not formed. All are readily 
stained, Gram*negativc and non^acid-fast. 

Growth ReqairemeDts. They arc aerobic and facultatively 
anaerobic. Growth occurs between 10® and 42" C. with aa 
optimum temperature of 37"C. They arc not nutritionally fasti- 
dious and may be cultivated in simple synthetic media containing 


act ammonium salt and glucose. 

Cultural Characters. Growth occurs luxuriantly on all media. 
On agar fairly large, round, low convex, greyish white, smooth, 
moist colonies develop. On MacConkey’s medium the same type 
of colonies grow but arc pink. The capsulated strains grow in 
mucoid colonies. Rough variant colonies may spontaneously 
occur on solid media. Good growth with uniform turbidity 
occurs in broth. A deposit lends to form in older cultures. 


Pellicle formation is not a usual feature. 

Biochemical Reactions, nic colon bacilli exhibit marked 
biochemical activity, attacking a number of sugars with the 
production of acid and gas (Table XII). Acid and clot tre 
produced in litmus milk. Jndolc is positive. Nuratcsarcreduccd 
io nitrites. Gelatin is not liquefied, A few strams are ^.hamo. 
lytic; such strains arc more frequent in pathological conditions 
than in the normal intestine. 
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TABLE Xn 

Biochemical Reactions of the Common Colifonn Bacilli 



Motility 

Lactose 

Glucose 

S 

a 

M 

G 

in 

Gelatin 

r 

"o 

c 

h* 

pi 

> 

or 

i.§ 

Litmus milk 

Bact. coU commune 

+ 


-1- 

_ 

+ 

+ 

_ 





AC 

Baci. colt eommimtor . 

+ 



+ 

+ 


— 

+ 

— 

+ 

_ 

AC 

Bact. neopoliianum 

— 

+ 

+ 

+ 


+ 

— 

-1- 

— 

+ 

— 

AC 

Bact. coscoroha 

— 

+ 

+ 

+ 

+ 


-« 

+ 

— 


_ 

AC 

Bact. acidl’lacltct 

— 

+ 

+ 

— 



— 

+ 

_ 



AC 

Bad' aerosenes 

— 

+ 


+ 


+ 

— 


+ 


4. 

AC 

Bact. cloacae 

+ 

+ 

+ 

+ 


+ 

+ 


+ 

— 

+ 

AC 


Key: 4- = Positive resuits, acid and gas in the case of sugars. 
— = Negative results. 

AC add and elou 


Gas is produced more briskly and in greater amount by the 
aerogenes group than the coli group. The ratio of CO* to H* 
in the gas produced is higher with the aerogenes group, more than 
2 to 1, than with the coli group in which it is approximately 
1:1. Voges-Proskauer and the citrate-utilisation reactions are 
both negative, while the methyl red reaction is positive. The 
reverse is the case with the aerogenes group. These reactions 
are of considerable help in the differentjation between the coli 
and aerogenes groups and are used as a routine in water analysis. 

Resistance. They are not markedly resistant to the common 
destructive agents. Heal, at 60” C, destroys them in 15-30 
minutes. Unlike the Gram-positive bacteria, they are relatively 
resistant to the bacteriostatic action of dyes. 

Toxin Production. No diffusible toxin is formed. In large 
doses the endotoxin is toxic to experimental animals when 
parenterally introduced. A few strains produce a filterable 
haemolysin. 

Pathogenicity. They form the normal intestinal flora. But 
under certain conditions, they become pathogenic, causing many 
suppurative lesions. The gall-bladder, urinary tract, appendix, 
peritoneum and the middle ear ate the common sites. A chronic 
bacilluria is often due to these organisms. ‘ They may also cause 
septicaemia, sometimes simulating enteric fever. - ' 

r 
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Apart from that importano! as casual pathogens, B„ct. «); 
has interest m that tt forms a veiy valuable index offaml 
pollution of tvatcr which, in titm, indicates the possibility of 
eontamination of water with more dangerous intesLl 
pathogens, like the typhoid, dysentery and cholera bacilli 
tP* 173). 

Natural infection of lower animals with Sact. coli h uncosi- 
Tnon. Diarrhoea in young calves, fowls and pigeons due to the 
•colon bacillus has been reported; so also bovine mastitis. 


Tfee Aerogcoes Croup 

These are more plumpy than the typical colon bacillus, often 
capsulated and non-motile. ^act. aerogenes is a typical nsember 
of this group. Bact. cloacae is an actively motile and non-capsu- 
lated species. This group is often subdivided into an ** aerogenes'' 
group and an ** intermediate*' group. But this difTerentiation is 
difficult and probably not necessary. 

The members of this group form large, shiny, often cffJuent 
colonies. Abundant gas Is pr^uced in sugars, but occasionally 
a non*gas*producing strain may be encountered, e.g. Bact. coll 
anaerogenes. No indole is produced. Methyl red reaction is nega- 
tive, but both Voges-Proskauer and citrate-utilisation reactions are 
positive (Table XIT). Except Bact. cloacae, they all fail to liquefy 
gelatin. They are nonnaify found on grains, in dust and soil and 
«Uo sometimes in the human intestines. Occasionally they are 
associated with urinary infections, but their exact roie in these 
is not certain. 


Diagnosis. Direct examination of preparations from material^ 
-whether stained or unstained, is not of much value. The isofa- 
tion of the organism by the employment of differential media. 
Hke the MacConfccy’s or the D,E.C. (p. i05), foliowed by the 
■study of the biochemical and metabolic activities, will lead to final 
identification. It is a common observation that certain lactose- 
fermenters may at times develop into pale colonics on these media. 
In order, therefore, to arrive at a correct diagnosis, it is necessary 
to put the pure cultures through fluid sugar media. In cases of 
suspected coli septicaemia the isolation of the organism from 
the blood follows the same lines as in enteric infections. Sero- 
logical reactions for the diagnosis of these organisms have not 
-been developed. Differential diagnosis of the coh group of 
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organisms from the aerogcnes types is an important procedure 
in the examination of water samples (Chapter IX). 

IVeatmeat. Vaccine therapy is often useful in the treatment 
of infections with the colon bacillus. An autogenous vaccine 
is preferable to stock vaccine. Sulphanilamide compounds have 
also been reported upon favourably in the treatment of these 
infections. Streptomycin is still in the stage of investigation. 

The Frledlandcr Group 

Friedlandcr’s bacillus is normally found in the nose, throat 
and intestines. It was first isolated from the lungs in lobar 
pneumonia. It is also called Bact. friedlanderi, Bact. prtcumonice, 
the pneumobadtlus and BncUlus mucosus capsulatvs. 

Morphology and Staining. They are straight, thick rods with 
rounded ends, l-2p. long and thick, non-raoCile, non- 

sporing and thickly capsulated. In culture they occur singly, 
in end to end piirs or In short chains. But in tissues they exist 
as typically capsulated diplobacllli. They are Gram*necative, 
Some strains are poorly stained. Special stains are required to 
stain the capsule. 

Growth Requirements. The Friedlander bacillus is a facul- 
tative anaerobe. The optimum temperature is 37* C. with a range 
of C. The nutritional requirements arc simple and the 

organism grows readily in ordinary media and in simple synthetic 
media. 

They grow as large shiny or mucoid colonies on solid media. 
The growth in fluid media is moderate, giving rise to a slimy 
sediment. 

Biochemical Reactions. There is no regularity in this respect. 
Sugar reactions are variable; some strains fail to attack lactose. 
Delayed production of gas in sugars is a feature with some 
strains, while some others may fail to form gas altogether. The 
production of acid and gas in glucose, mannlte and maltose is 
fairly constant. Indole production Is more uniformly negative, 
while the methyl red reaction is more uniformly positive. With 
some strains the Voges-Proskauer reaction is positive. Acid is 
produced in litmus milk with or without coagulation. 

Types. This species does not constitute an immunologically 
homogeneous one. On the basis of a complex carbohydrate 
substance contained in the capsule, three distinct types have been 
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specific carbohydrate sabslance of one of these types. Type B, 
IS serologically identical with the capsular substance of Type 11 
pneumococcus (p. 252). Under artificial conditions dissodatire 
anges may talce place readily. The rough variants are non* 
capsutated and lose their type specificity. As in the case of the 
pneumococcus, the rough antigen is species-specific. There is 
some evidence (o show that Type A strains predominate in man 
and Type B strains in nnioiais. 

Pathogenicity and Toxin ProdneffoD. Friediander’s bacillus 
is a norma) inhabitant of the upper respiratory tract. It docs 
not manufacture any exotoxin. Very rarely (Jess than J per 
cent.) it may cause lobar pneumonia of an extremely severe and 
fatal form. Alone or in conjunction with other organisms, it 
occurs in certain respiratory mfections, suppurative conditiocs 
of the sinuses, otitis media, empyema, meningitis, cystitis aod 
conjunctivitis. Its pathogenic role in these has not been deter- 
mined. They are probably secondary invaders. 

The rhinoscleroma bacillus closely resembles Friedtender’s 
bacillus in morphological and cultural features. Bile suppresses 
its growth; consequently it does not grow on MacConkey’s 
medium. It is capsulated and motile. Lactose is not fermented 
and acid is produced in glucose. Indole is not formed and 
Voges-ProsKauer reaction is negative. Litmus milk is unchanged. 

It causes a granulomatous disease of the mucous membranes 
of the nose, mouth and throat. The organism is found m ihc 
7eston, particularly inside certsin giant cells called the cells of 
>f|kulic?. Khinoscleroroa is a rare disease. 

The ozocna bacillus also bears a close resemblance to the 
Friedlander bacillus. It is capsulated and non-motile. It is 
present in the condition called ozocna, but its causal relationship 
■with it st»n remains doubtful. 

An organism belonging to the Friedlander group has been 
incriminated as the cause of granuloma inguinale (infective 
^attuloma granuloma venereum). This disease is a chronic 
Ulcerative granuloma, usually involving the genital, inguinal and 
anal redons Transmission is assumed to be through sexual 
Intact ‘^and the disease is locluded in the venereal group of 
diseases. Certain intracytoplasmic badUaiy bodies, apparently 
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capsulated, occur constantly in the infected tissues and exudates. 
These arc referred to as the Donovan bodies after Donovan who 
first described them at Madras. A bacillus of the Fricdlander type 
has been isolated from exudates from ulcers and from affected 
tissues, and it has been considered identical with the Donovan 
bodies. The available evidence, however, is insufficient to establish 
this bacillus as the cause of the disease or to prove its identity 
with the Donovan bodies. The nature of the Donovan bodies 
remains yet to be unravelled. Attempts to reproduce the infection 
in the common experimental animals have not been successful. 

The Paracolon Group 

Several species’of'coHform*bacint possessing irregular or 
uncertain biochemical properties and pathogenicity are included 
in the paracolon group. A few species, that form both acid and 
gas regularly from lactose, ate also included m this group by 
some authorities. This is open tO‘qucstion; their correct place 
appears to be m the lactose-fenttenilng group. 

Some of the paracolon members.produce only acid in lactose 
and in this respect they come ncirtr to the Friedlander group. 
Others, like Bact. columbense, are definitely inert on lactose, 
saccharose and salicin, exhibiting kinship with the Satmonella 
group. But, unlike the Salmonellas, they produce indole. The 
remaining members are irregular in their action on lactose or 
ferment it late, recalling the behaviour of the Sonne and dispar 
bacilli. Probably the paracolon bacilli occupy an intermediate 
position, and form a link, between the coliform and the 
Salmonella groups. 

Of some special interest is Bad. colt mutabile which in its 
general characters appears to be closely related to the paracolon 
group. Though primarily a non-lactosc-fermenter, it shows the 
capacity to give rise to laclose-fcnncnting variants (p. 336). 
f' The paracolon bacilli have .been isolated from various 
sources, such as stools of patients suffering from acute or 
chronic intestinal infections like enteric fever, non-specific entero- 
colitis and dysentery, blood in irregular febrile conditions, urine 
in infections of the urinary .tract .and even , stools of- normal 
individuals. Their pathogenicity is doubtful; some appear to be 
really pathogenic, but as yet there is no convincing proof and at 
most they can only be held, under suspicion. 
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Bacterium ^ialicam. This i, another species ofundetrt. 
mined taxonomic position. It is a non-hctose-fermenler. But, 
because^ of its fermentation of sacchamse and ptodnetioii ot 
indole, it cannot be included under the Salmonella group It is 
motile. While it does not attack lactose and dufcite, it ftmeaa 
regularly glucose, saccharose and mannile, fonuing both acid 
and gas. fndole is produced and litmus is acidified with no 
formation of dot. It does not liquefy gelatin. Often it has 
been isolated from stools, urine and blood of patients salTentig 
from enteric-like infections, but its pathogenic role in these 
conditions remains still unsettled. 


The Non-Lactose-Ferznentiog Bacferia 
The non-lactose-femicnting bacteria arc classiiicd into tise 
Salmonella and the dysentery groups. The former includes the 
enteric and the food poisoning members. The non‘lacto5c- 
fermenters thus contain a large number of pathogenic species. 
Their action on glucose provides a convenient basis for their 
identification. There is one aperies, Bact. aJkaJigenes, of doubtfu) 
pathogenicity, which is altogether inert. Bact. typhosm, Baet, 
galllttarim, a pathogen in fowls, and the dysentery group of 
organisms all produce only arid in glucose, while the remaining 
bacteria produce both arid and gas. The Salmonella group is 
serologically distinct from the dysentery group. 


The SalaooeUa Croop 

• Salmonella i$ the name applied to a group of non-hctose- 
fermenting bacteria provisionally placed in the genus Boeferium. 
They are strict parasites and cause natural infection in man 
and animals. A few species are exclusively human pathogens 
responsible for a group of diseases Arnown as enteric fever; 
these species are, therefore, classed together ns the enteric group. 
The remaining members, about 140 species, are primarily animal 
and bird pathogens, but many of them may also cause Infection 
in man which is usually of the nature of food poisoning. Hence, 
they are often referred to as the food poisoning group. 

Morphology and Sfalnlng. In their morphology and staining 
renctions: the Salmonella organisms are indistinguishable from 
the coliform bacteria. They art narfify decolorised by the 
-Gram's techinque- pultorum and Bad. gallwarm. 
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all species are actively motile by means of peritrichate flagella. 
They are not capsulated and not sporing. 

Growth Requirements. Their optimum temperature is 37® C., 
but they will grow over a wde range of temperature. They are 
facultative anaerobes. Their nutritional requirements are also 
quite simple as those of the cotiform group. 

Biochemical Actirities. Their biochemical activity tends to be 
constant (Table XIIl) and affords a valuable guide in the identi- 
fication of species. None of them ferments saccharose nor foim 
indole. They do not liquefy gelatin. With the exception of 
JBact. typhosun: and Bact. galVmorum, which produce only acid 
in glucose, they all produce both acid and gas in this sugar. 
Other sugars that are employed in the identification of the 
Salmonella species are xylose, arabinose, inositol and rhamnose. 

While biochemical reactions are of considerable value in the 
primary identification of the Salmonellas, of late considerable 
emphasis has been laid on their antigenic structure for purposes 
of diflerentiation. In fact, no other group of bacteria has been 
subject to so careful and thorough antigenic analysis as the 
Salmonella group. This method has also been applied extensively 
in the determination of the Salmonella species. But how far 
antigenic structure may be relied on for the determination of the 
Salmonella species, is an open question. Numerous species have 
already been defined and the process is still going on. 

Antigeidc Structure, The Salmonellas exhibit a complex 
antigenic structure. They bear no antigenic relationship with 
other subgroups of the genus. But within the Salmonella sub- 
group itself there is a certain amount ol antigenic sharing between 
the many species with consequent cross agglutination. For 
example. Bad. paratyphosum B and Bad. typhi-murium (Acrtrycke) 
share common antigenic fraciions; so also Bad. enteriiidh 
(Gaertner) and Badl typhosum (Tabic XIV). 

They are motile bacilli and so. contain in the normal smooth 
state two distinct types of antigens, the somatic antigen and the 
flagellar antigen represented by the ^nnbols O and H respectively. 
The O antigens arc designated by Roman numerals. These 
different kinds of antigens woke the production of separate agglu- 
tinins, also named O and H {tide p, 237). Spontaneous loss of 
flagella may occasionally happen, resulting in the production of 
non-motile strains which retain the smooth characteristics. Such 
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non-flagellate strains have only the somatic antigen. ' The 
O antigen, composed of Hpoids and polysaccharides, represents 
the endotoxin. It is resistant to heat and absolute alcohol. 

TABLE XIV 


Antigenic Stmeture of the Common Salmoncllas 


Species 

0 Antigen 

H Antigen 

Phase 1 

Phase 2 

Bact. paraiyphosvm A . . 

(i), rr. xff 

a 


Bact. paratyphosum B . . 

(I). iv.(V).xri 

b 


Bact. typhi’murium 

(1). IV, (V), Xll 

1 

1,2.3 

Bact. paratyphosum C. 
(Hirchfeld) 

VI, vn. (Vi) 

c 

1,5 

Bact. choUra’SUxs 

VI, vn 

c 

1.5 

Bact. typhosum 

IX, XII, (Vi) 

d 


Bact. enterUidU 

<1), IX. XU 

gm 

... 

Bact. pullorum 

IX, XII 

— 


Bact. ^allmarum 

IX. XII 

Ll_ 

— 


The antigenic components in brackets may be absent. 


During infection or by immunisation, both H and O agglu- 
tinins arc produced, provided the respective antigens are present 
in the organism. But they arc not produced in the same litre. 
While the H agglutinins are produced in very high litres, generally 
the O agglutinins arc produced only in loiver litres. The H and 
0 agglutinins behave independently of one another and their 
presence in an agglutinating scrum can be demonstrated and 
titres estimated by employing the corresponding H and 0 antigens. 
By appropriate method, these- -agglutinins can be selectively 
absorbed out from the scrum by the use of the corresponding 
antigen, thus leaving a pure H or' O 'antiserum — monospecific 
' antiserum, as the case may be. The granular character of the 
clumps' in O agglutination and the coarse flocculent character 
of them in H agglutination have been ' referred to under the 
section on agglutination (p. 269).' ' 
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non-flagdiate strains have only the somatic antigen. The 
0 antigen, composed of lipoids and polysaccharides, represents 
the endotoxin. It is resistant to heat and absolute alcohol. 


Antigenic Strncture of the Common Saimonclias 



Phase 1 Phase 2 


Bact. paratyphosum A 
Sact. paratyphosum B 
Bact. typhi-munum 
Bact. paratyphosum C. 

(Htrchfeld) 

Bact. ehoIera‘Suis 
Bact. typhosum 
Bact. enterttidis 
Bact. pullorum 
Sact. gallmarum 


(1), II, XII 
CD. IV, (V), XII 
CD, IV. (V). XII 
VI. vii, (Vj) 


IX, xn. (Vj) 
CD, IX. XII 


The antigenic components in brackets may be absent. 


During infection or by immunisation, both H and O agglu- 
tinins are produced, provided the respective antigens are present 
in the organism. But they are not produced in the same titre. 
While the H agglutinins arc produced in very high titres> generally 
the O agglutinins arc produced only in lower litres. The H and 
O agglutinins behave independently of one another and their 
presence in an agglutinating serum can be demonstrated and 
litres estimated by employing the corresponding H and 0 antigens. 
By appropriate method, these 'agglutinins can be selectively 
absorbed out from the serum by the use of the corresponding 
antigen, thus 'leaving a pure H or' 0 antiserum — monospecific 
antiserum, as the case may be. The granular character of the 
clumps in O agglutination and the'eoarse flocculcnl character 
of them in H agglutination have been ' referred to under the 
section on agglutination (p. 269).' 
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prepared by, adding 0-1 per cent. formaUn 
^to a 24-hour broth culture of the motile strain. It may aim be 
done by emulsifying the growth on solid media in 04 per cent, 
formol sahne. The /orrooliscd suspension is not a simpfe K 
suspension ; the O factor is, of course, there, but it is masked 
by treatment with formalin. In the preparation of the O antigen 
alcohol is employed to destroy the H antigen. A dense emulsion 
with the minimura quantity of saline js made from an cightecn- 
to twenty-tour-hour growth on agar slope, diluted twenty times 
with alcohol, heated at 40-50^ C for thirty minutes, centrifuged 
and the sediment suspended in saline to the proper density. The 
growth CD agar may also be directly emulsified using alcohol 
instead of saline. The strain employed roust be smooth. It may 
be advantageous to use the growth on phenol agar (I-^OO phenol) 
instead of that on ordinary apr. 

In addition to the O antigen, a few of the Salmonellas, notably 
Bact, iypJwsum, para C and probably also para S, have been shomj 
to possess another somatic antigen which is found only in the 
freshly isolated virulent state of the organism. It is designated 
the Vi or virulent antigen. It is believed to be responsible for 
virulence. It is a labile antigen and is present only in live 
cultures <p. 439). 

The H antigen of many species may remain in one of two 
phases, the specific phase and the group phase (speeffiogroup 
phase variation), each exhibiting more than one antigenic compo- 
nent in its structure (Table XIV). The H antigens in the 
specific phase arc designated by lower case letters and those in 
Ihe group phase by Arabic numerals. In the specific phase, any 
of these organisms reacts only with the carresponding antiserum, 
whereas in the group phase it aho reacts with the antiserum 
prepared against allied species. In other words, the H antigenic 
components in the specific phase arc peculiar to the particular 
species, while those in the altemafe group phase display chajacle* 
ristics common to many species of the group. Furtbcf, some 
species are monophasic with reference to their H antigen, occur- 
riofi only in one or the other phase, see Table XIV, 

The terns specific and group in the spedfioitroup phase 
variation are not' quite appropriate.. The antigenic components 
'« snccific phase may not be strictly specific to the particular 
secies concerned but may be common to a, few others as well. 
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whereas those in the non-specific or group phase are common 
to many other species. Thus, the difference between them is 
not very sharp as the terms indicate and they are now called 
phase 1 and phase 2. Moreover, phasic variation has been shown 
to be more complex. Phase 1 itself may show two alternate phases 
in which the antigenic components in one phase are different from 
those in the other. These are referred to as the a and 0 phases 
and the changes as the phase variation. The range of phase 
variation does not seem to end with this and there is reason to 
believe that still more complicated changes may be taking place in 
the H antigen of some at least of the Saimonelia species (p. 348). 

Variation. The members of the SaimoneVa group are subject 
to spontaneous variation and ■with it the O and H antigens may 
likewise undergo transformation or be altogether lost fp. 347). 
The smooth motile form may become non-motile, while still 
remaining smooth. In this there is loss of H antigen. Another 
type of variatioo is the S-R variation in which both the motile 
and oon-motile smooth forms may change into rough form. The 
change.s involved io this do not occur suddenly, but several inter- 
mediate stages are observed in which the 0 characters are 
slowly shading off into the rough; in them the 0 antigen has 
not been entirely lost, revealing the rough antigen. The rough, 
or R antigen, is quite distinct from the 0 antigen. The rough 
variant may or may not be motile. A third type of variation is 
the phasic variation referred to above. 

The complexities and irregularities in the antigenic consti- 
tution of the Salmonella baalli clearly indicate the supreme need 
for keeping them in view during the practical application of 
the agglutination test in the diagnosis of Salmonella infections. 
It also emphasises the importance of testing the patient’s serum 
against both O and H bacterial suspensions. 

The final identification of a freshly isolated bacillus, 
suspected to belong to the Salmonella group, is based on its 
antigenic structure as evidenced by agglutination and agglutinin 
absorption tests (p. 274). The typing may be done by the slide' 
method, employing monospecific antisera. It is obvious that a 
large number of such sera have to be employed. For details of 
these tests, bigger books should be consulted. 

Pathogenicity. The members of the Salmonella group are 
responsible for the causation of tw'o well defined disease entities 
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in man, the typhoid and paratyphoid fevers and an acyJegastro- 
enteritis. The former is due to, the typhoid and pmtyphoid 
oaaili and the latter may be caused by a large number of 
Salmonella species, the most important ' being Boct. enteritidis, 
JSact. typhUmurium and Bacu cholero’snis. But it must be noted 
that this division is not sharp and that the paratyphoid bacilli 
may sometimes cause gastro-entcritis instead of the usual slow 
fever. The food poisoning bacilli, on the other haad, may oftefl 
give rise to septicaemia in addition to abdominal disturbances. 
Besides these, the Salmoaellas have also been reported to cause 
infection of a generalised or localised character. Evidence, so far 
as it goes, tends to shovt'ihat man may act as a healthy carrier. 

These organisms cause cp^^ootics in rats, mice, guinea-pigs, 
rabbits and in certain birds. Bacf. ententldis is wtremely 
virulenl to laboratory animats, producing in them haemonhape 
enteritis and septicaemia. The Aertrycke bacillus, Bact. typU- 
mwrmw, likewise causes acute enteritis in guinea-pigs and pigs 
but only less frequently in rats. In these rodents a healthy carrier 
state may also be escablUhcd, a point of great importance in the 
netiology of bacterial food poisoning. Infected pigeons and dudes 
transmit the infection to their eggs. Certain animals, like cattle, 
pigs and horses, are readily susceptible to natural infection with 
these organisms. Recently, transmission of infection to man has 
also been traced to dogs and cats. 

Bad. puUormx and Bacf. galUnarum arc members of the 
Salmonella group, displaying close resemblance to the typhoid- 
paratyphoid group of organisms. Both are non*motile. The 
former causes white diarrhoea of chicks and the latter a disease 
in fowls associated with severe anaemia. 


The Eoteric Group 

The most important member of this group. Baa. iyphosm, 
was discovered by Eberth in 1880, who observed it m the intestinal 
ulcer mesenteric glands and spleen of persons dying from typhoid 
Tfvpr’ In the following year, it was suceessMi' caUivated on 
media. Other proposed names for the typhoid bacillus 
\y,rj!Ius typhosus, EberiheBa'typhosa and Salmonella <typhl 
nLr members of this group arc; pmlyphosm, 

J rt B and Bact: paratyphosum C. oThc last 
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mentioned organism formerly «'ent under the name Hirchfeld’s 
bacillus. A typhoid-like fever may also result from infection 
with Bact, chotera-suis, particularly the monophasic Kunzendorf 
type, which is closely related to paraivpfjoid C‘, but it is relatively 
unimportant. The disease caused fay para C and Bact. cholera- 
suis differs 'somewhat from that due to the other three species; 
in the former, symptoms due to lesions of a septic or suppurative 
nature, including endocarditis, often complicate the usual picture 
of enteric fever. 

Morphology and Staining. Bact. typhosum consists of straight 
rods with rounded ends, measuring 0’5 by 2'0-3-0 microns. 
Long filamentous forms may occur. The or ganism i s_nQn-»sporing.-v 
non-capvnlated and activclyjnotilo-wilh-ion^entTichous-flagella. 
Tt is ^ram^yp ative and not acid-fast. Not much morphological 
difference can be made out between the several members of the 
group. Hence the other bacilli are not separately described. 

Habitat. The typhoid snd paratyphoid bacilli are present in 
the intestines of individuals suffering from the infection. They 
may be found in their blood, the mesenteric glands and internal 
organs. They are always found m the excreta of patients and 
carriers. Outside the body, the organisms remain viable in the 
contaminated soil, sewage and water for varying periods, even 
up to a month or two. While Bact. typhosum and para A are 
exclusively human pathogens, para B has also been reported in 
animals ; but this is only as a carrier slate. 

Growth Requirements. The typhoid bacillus is aerobic and 
facultatively anaerobic. I t grows best at 37® C. but may grow 
at any temperature between 1&® and 41® C. The pH range is also 
wide, 5 -0-8 *6, with an optimum of 6'8-7-0. The nutritional 
requirements of this organism are simple; it grows readily on 
ordinary media and in synthetic solutions containing ammonium 
salts and glucose. Tryptophane appears to be an essential growth 
Tequirement; whereas some strains are capable of synthesising 
it, others are unable to do so and have to be provided with it 
in the culture media. 

Coltuial Characters. The colonies on agar are like those of 
the colon bacillus, but smaller'and more^^nsparent with leaf- 
like surface markings. are- easily cmulsifiable. 'Rough 

variant colonics may be seen side by side with the normahsmooth 
colonies. The colonies on MacConkey’s medium arc smaller 
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and colmrffoK. Growth in broth is abundant, giving risr to 
un,ro™ turWily. Thn growth of go™ ,4 is rrtoi'riy poor 

Biortimlwl Reactions. Sact. fypfiosm produces only^d in 
^oscrmanmte^ndvmaltose^ while the paratyphoid' bacilli pro- 
duce both acjd and gas. Lactose and saccharose are not touched 
oy any. An occasional typhoid strain causes slow fe'rmcntatfoti 
or doWte, producing only acid, whereas the paratyphoid strains 
ail produce both acid and gas. Between para A and para £, the 
latter ferments xylose but not the former (see Table Xlfl). 

No member of the group produces indole nor liquefies gelatia. 
Nitrates arc reduced to nitrites and hydrogen sulphide is produced. 
The methyl red test Is positive and the Voges-Proskauer test 
negative. No haemolysin is produced. 

Basing on the degree of acid-production in certain sugars, 
like rhantnose and inositc, and on the susceptibility to the actioa 
of bacteriophage, para B has been recently classified into several 
types. 

Resistance. They arc easily killed by heat (55* C. for thirty 
minutes), drying and antiseptics^ cold is resisted for long. 
Certain dyes, such as cosin and brilliant green, are resisted ia 
high dilutiorts; so also are bile and bile salts. Hence the use 
of these in the preparation of selective media for isolating these 
organisms. In water and soil these organisms may survive for 
several days. They remain viable for some days in sewage and 
in both sea and fresh water polluted by sewage. 

Toxlo Production. No dilFosible toxin is formed by aay of 
these organisms. Endotoxin is presumably the toxic agent 
responsible for the causation of disease. The cell substance is 
toxic to experimental animals. 

Pathogenicity. The typhoid baeilius causes in man typhoid 
fever and the paratyphoid bacilli paratyphoid fevers. Instead of 
the slow continued fever, para C may often give rise to acvte 
gastro-cnteritis. It is also often distinguished from the rest by 
the presence of septic lesions. The paratyphoid bacilli, especially 
para B, may niso cause food poisoning. Animals arc not 
naturally infected by any one of them. When administered by the 
oral route experimental am'niafs do not develop infection; bat 
in the chimpanzee a successful reproduction of the disease has 
! ‘ - claimed by the ora! administration of massive doses of 
Bac/ lyphosum. When injected into 'laboratory animals intra- 
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peritoneally or intravenously in massive doses, a fatal septicaemia 
Jesuits and after death the organism can be recovered from the 
blood and tissues of the animal. Active multiplication does not 
seem to take place with small doses. 

Antigenic Structure, The antigenic structure of Bact. typho^ 
sum is given on page 433. From this it will be readily seen that 
the organism is closely related immunologically to the Salmonellas. 
■Many workers, however, doubt the validity of including it in the 
■Salmonella group. Pending a decision of its correct taxonomic 
position, the typhoid bacillus is better placed in the Salmonella 
'group with the name Bact. typhosum. The subjects of antigenic 
structure and variation have been dealt with at length elsewhere. 

The Vi Antigen. Besides the H and 0 antigens, another 
-important antigen associated with Bact. typhosum is what has 
been recently described by Felix and Pitt and designated the 
■“virulence” or Vi antigen. They noticed that the freshly isolated 
strains of Bact. typhosum failed to agglutinate with the 0 anti- 
serum. Such strains were also found to be particularly virulent 
.for mice. From these and other experiments, they came to the 
conclusion that the difference in the behaviour of fresh strains 
ms due to the presence of a hitherto undetected antigen which 
contributed to the virulence of the organism. Hence the term 
"Vi antigen. 

Practically all strains recently isolated from cases of the 
disease possess the Vi antigen; so also a large majority of 
•strains obtained from carriers. As mentioned above, in the 
presence of the Vi antigen the organism is not agglutinated by O 
Antiserum. The Vi antigen appears to be of the somatic type: 
but, unhke the O antigen, it is heat labile. It is also destroyed 
by phenol. The Vi strains display greater resistance to phago- 
cytosis. By repeated culturing on artificial media, the Vi strains 
gradually lose the capacity to develop the Vi antigen: such 
. strains are also found to have lost much of their virulence for mice. 
-The ‘Strains deprived of the Vi antigen are susceptible to the 
action of O agglutinins. 

There appears to exist a close correlation between virulence 
and Vi antigen. It must be pointed out that some workers do not 
Agree with this view.' The Vi antigen stimulates the production 
• of Vi antibody which is powerfully protective as attested by the 
•mouse protection test Vi antibodies are present in the blood 
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and colcwf^ss. Growth in broth is abundant, jivinj rise to 
nniform turbidity. The growth of para A is relatively ^or. 

Biochanical Reactions. Baa. lyphosum produces onlyjciil in 
ehia^C^nnile,jr.djnaIt 05 e,.while the paratyphoid bacilli pro- 
duce both acid and gas. Lactose and saccharose are not tombed 
by any. An oocasiotial typhoid strain causes slow fermentation 
of dulctie, producing only acid, whereas the paratyphoid strains 
all produce both acid and gas. Between para A and para S, the 
latter ferments xylose but not the former (see Table XIH), ’ 

No member of the group produces indole nor liquelies gelatin. 
Nitrates are reduced to nitrites and hydrogen sulphide is ptoduced. 
The methyl red test is positive and the Vogcs-Prosltau'er test 
negative. haemolysin »s produced. 

Basing on the degree of acid*production in certain sugars, 
lifee rhamnose and mosife, and on the susceptibility to the action 
of bacteriophage, para B has been recently classified into several 


types. 

Resistance. They are easily killed by heat (55* C. far thirty 
minutes), drying and antiseptics; cold is resisted for locg. 
Certain dyes, such as eostn and briWsnt green, are resisted ia 
high dilutions; so also are bile and bile sabs. Hence the use 
of these ia the preparation of selective media for isolating these 
organisms. In water and soil these organisms may survive for 
several days. They remain viable for some days in sewage and 
in both sea and fresh water polluted by sewage. 

Toxin ProdactioQ. No dilTusible toxin is formed by any of 
these organisms. Endotoxin is presumably the toxic agent 
responsible for the causation of disease. The cell substance is 
toxic to experimental animals. 

Pathogculdty. The typhoid bacillus causes m man typhoid 
fever and the paratyphoid bacilli paratyphoid fevers. Instead of 
the slow continued fever, para C may oRen give rise to acute 
gastro-enteritis. It is also often distinguished from the rest by 
the presence of septic lesions. The paratyphoid bscdJi, especially 
para B may also cause food poisoning. Animals are not 
naturally infected by any one of them. When administered by the 
oral route, experimental animals do not develop infertion: but 
in the chimpan^® a successful reproduction of the disease has 
been claiuied by the oral administfation of massive doses of 
typhosum. When injected into 'laboratory animaJs zntra- 
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maximum incidence is among the adolescents and the young 
adults. Typhoid fever is far more serious and fatal than para- 
typhoid fevers; the latter are also of shorter duration and less 
liable to complications. Fatality increases with age; it is also 
high below five years of age. 

The type incidence varies in different localities. This is 
particularly applicable to paratyphoid infections. Para A is much 
more common in India than Para B, whereas the reverse is the 
case in Europe. As contrasted with other enteric fevers, para- 
typhoid A infection is peculiar in its wavc-like incidence. Para C 
is of very restricted occurrence anywhere. 

Active cases and carriers form the source of infection. The 
results of systematic agglutination test indicate that the frequency 
of infection is far more than the frequency of declared cases. 
Hence carrier spread must be more common than case spread. 
Infected matter from the intestines of cases and carriers should 
finally »ach the alimentary tract of the healthy susceptible man. 
It is obvious that it can happen only through the mouth and that 
water and food are the vehicles of infection. The organisms are 
excreted in the faeces and, less commonly, in the urine, and 
contamination of fooa and drink with these infected materials, 
which serve as the connecting link, should precede the actual 
transfer of infection from the s\ck to the healthy. The existence 
of conditions that favour this pollution bespeaks of the poor 
general sanitary level of a community. Faecal pollution of 
the water supply, either directly or through sewage, is the 
commonest mode of spread. Like cholera, enteric is also an 
important water-borne disease. Enteric bacilli may not live outside 
the body over long periods, but they survive in water long enough 
for transmission to occur. This method of transmission usually 
results in large-scale epidemics. Pollution of milk and ice cream 
is another method and the typhoid bacillus can survive at low 
temperature fairly long (p. 173). Infected shellfish is yet another, 
though rare, agency of spread in some countries: it gets the 
infection from sewage-polluted water. Through contaminated 
hands of carriers or of attendants on cases to food is still another 
mode of transport of infection. Flies also act as portal carriers. 
Their intestines too may get infected, when transfer of infection to 
food would occur also through the insect’s excreta. Again, 
vegetables, such as radish, lettuce and other leafy vegetables. 
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of patients and convalescents and probably also of carriers. 
They act independently of H and O antibodies. There is some 
experimental evidence to indicate that the Vi antibody bat 
greater protretive value than the 0 antibody, at any rate in mice. 
From the above considerations the importance of the Vi antitea 
in active nnd passive immunisation will be apparent. 

Bacteriophage Typing. This method is based on the existence 
of bacteriophages which act specifically on the Vi antigen. By 
propagating a phage serially on a particular Vi strain of the 
organism, it becomes highly adapted to that strain. Thus, differ- 
ent races of bacteriophage endowed with a high selective affim'fy 
for ditferent groups of the Vi forms of the organism eaa be 
reared up. The selective lytic property of such a specially 
adapted phage remains stable, malting a stable classification of the 
Vi strains possible. Although bacteriophages lytic to O strains 
exist, the sharing of O antigen among the Salmoncllas render any 
bacteriophage method based on the O antigen useless for the 
■ differentiation of types. The technique of typing is very elaborate 
and requires considerable experience. Employing this melhod, 
eleven main types of Vi strains of Beet, typtiosum, designated 
A, B, C, D, etc., have been distinguished. They are ^eirly 
stable. Typing is of great value in epidemiological investigations: 
it enables to correlate cases and trace out the original source of 
infection. 

Enteric Fever. Enlenc fever is a world wide disease, mete 
prevalent in the tropics and subtropics than in the higher 
latitudes. Two factors that are vitally concerned with the preva- 
lence of enteric fever arc the progress of sanitatioa and the 
protection of water supply. 'Vhere these are not effleienf, as in 
baciesvard countries or during inililaiy campaigns, enteric fever 
prevails in epidemic form. When we realise that infection enters 
the body through food and drink, it can be rc.vdily appreciated 
how a close interrelationship of individuals constituting the host 
Dooulalion can be productive of conditions favourable for the 
easy transmission of infection. Where the conditions are wide 
spread, the resulting infection is also perforce wide spread, I.e. 

'«ourh rases may occur throughout the year there is a marked 
seasonal variation in its incideoee, the monsoon months helae 
S peak period in this counriy. No age is exempt, but the 
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maximum incidence is among the adolescents and the young 
adults. Typhoid fever is far more serious and fatal than para- 
typhoid fevers; the latter are also of shorter duration and less 
liable to complications. Fatality increases with age; it is also 
high below five years of age. 

The type incidence varies in different localities. This is 
particularly applicable to paratyphoid infections. Para A is much 
more common in India than Para B, whereas the reverse is the 
case in Europe. As contrasted with other enteric fevers, para- 
typhoid A infection is peculiar in its wave-like incidence. Para C 
is of very restricted occurrence anywhere. 

Active cases and carriers form the source of infection. The 
results of systematic agglutination test indicate that the frequency 
of infection is far more than the frequency of declared cases. 
Hence carrier spread must, be more eommon than case spread. 
Infected matter from the intestines of cases and carriers should 
finally reach the alimentary tract of the healthy susceptible man. 
It is obvious that it can happen only through the mouth and that 
water and food ate the vehicles of infection. The organisms are 
excreted in the faeces and, less commonly, in the urine, and 
contamination of food and drink with these infected materials, 
which serve as the connecting link, should precede the actual 
transfer of infection from the sick to the healthy. The existence 
of conditions that favour this pollution bespeaks of the poor 
general sanitary level of a community. Faecal pollution of 
the water supply, cither directly or through sewage, is the 
commonest mode of spread. Like cholera, enteric is also an 
important water-borne disease. Enteric bacilli may not live outside 
the body over long periods, but they survive m water long enough 
for transmission to occur. This method of transmission usually 
results in large-scale epidemics. Pollution of milk and ice cream 
is another method and the typhoid bacillus can survive at low 
temperature fairly long (p. 173). Infected shellfish Is yet another, 
though rare, agency of spread in some countries: it gets the 
infection from sewage-polluted water. Through contaminated 
hands of carriers or of attendants on cases to food is still another 
mode of transport of infection. Flies also act as portal carriers. 
Their intestines too may get infected, when transfer of infection to 
food would occur also through the insect’s excreta. Again, 
vegetables, such as radish, lettuce and other leafy vegetables. 
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^ patients and convalescents and probably also of amn. 
They act indepcndcmly of H and O antibodies. There is some 
expenmental evidence to indicate tbat- rhe Vi antibody te 
greater protective value than the O antibody, at any rate in mice. 
From the above considerations the importance of the Vianli|ra 
in active and passive immunisation will be apparent. 

Bacteriophage Typing, This method is based on the esisteocc 
of bacteriophages witch act specificaiJy on the Vi antigen. By 
propagating a phage serially on a particular Vi strain of the 
organism, it becomes highly adapted to that strain. Thus, differ- 
ent races of bacteriophage endowed with a high selective affim’ly 
for different groups of the Vi forms of the organism can be 
reared up. The seieoive lytic property of such a specially 
adapted phage remains stable, making a stable classification of the 
Vi strains possible. Although bacteriophages lytic to 0 strains 
exist, the sharing of O antigen among the Salmonel/as render any 
bacteriophage method based on the O antigen useless for the 
■ differentiation of types. The lechnipue of typing is very ciaborale 
and requires considerable experience. Employing this method, 
eleven main types of Vi strains of Buct. typhosum, designated 
A, B, C, D, etc., have been distinguished. They are fairly 
stable. Typing is of great value in epidemiological investigations: 
it enables to correlate cases and truce out the original source of 
infection. 

Enteric Fever. Enlen'c fever is a world wide disease, more 
prevalent in the tropics and subtropics than in the higher 
latitudes. Two factors that are vitally concerned with the preva- 
lence of enteric fever are the progress of sanitation and the 
protection of water supply- Where these are not efficient, as in 
backward countries or during military campaigns, enteric fever 
prevails in epidemic form. When we realise that infection enters 
the body through food and drink, it can be readily appreciated 
how a close interrelationship of individuals constituting the host 
DoDolation can be productive of conditions favourable for Ibe 
easv transmission of infection. Where the conditions are wide 
spread, the msulting infection is also perforce wide spread, i.e. 

‘nmeh S'S may occur throughout the year there is a marked 


seasonal variation in 


its inddeace, the monsoon months being 
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period in tfi'* country. No age is exempt,- but the 



BACTERIUM 


443 


transitory as it is soon followed by the removal of the organism 
from the blood by the reticulo-cndothelial system. Small foci 
of infection are then set up in the liver, gall-bladder, spleen, 
kidneys, bone marrow and other or^ns where the bacilli multiply 
in large numbers. Subsequently, from these foci there is an 
overflow of the organisms into the blood stream, starting the 
phase of secondary septicaemia, during which they are excreted 
in large numbers by the bile into the intestines. The organism 
displays a selective affinity for the lymphoid tissue and during the 
rcinvasion of the gut, infection of the Peyer's patches and the 
solitary lymphoid follicles of the mtestine occurs followed by 
rapid multiplication of the organism, leading to an acute inflam- 
matoiy reaction, hyperplasia and infiltration with mononuclear 
cells. Necrosis and sloughing follow with the formation, of 
chaTac\tT’m\c ulcers. This is the specific lesion of the disease and 
it is preceded by septicaemia and generalised infection. Changes 
similar to those occurring in the Peyer’s patches are also found 
in the mesenteric glands. 

Rash is due to minute cutaneous bacillary emboli. Haemor- 
rhage, caused by erosion of a blood vessel at the base of an 
ulcer, and perforation are only accidental complications and do 
not form part of the essential pathology of the illness. The 
spleen is usually enlarged and congested, Suppuratite and 
inflammatory lesions may occur in other parts of the body as 
Complications and sequels and the organisms arc found in them 
in large numbers. Cholecystitis, cystitis and periostitis are none 
too infrequent. 

The invading organism is present in the blood stream from 
the onset of-sym pt oms and may continue to be present there for 
varying periods during the course. Being an intestinal infection, 
the bacilli may be present in the faeces at any time in the course 
of the disease; but towards the end xif-thc second-wreh and 
thereafter, they may be recovered from the faeces with increasing 
frequency. They are also excreted in the urine, but with less 
frequency. The bacilli arc present in the rose spots. They are, 
of course, present in large numbers in the intestinal ulcers and 
lymphatic tissue, the mesenteric glands and spleen. Stained 
sections of hver and spleen show localised masses of bacilli. The 
gall-bladder is one of the persistent sites of infection, a fact of 
great importance from an epidemiological point of view. The 
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way set up fresh'infcctioD; some pf 


them are usually taken uncooked. 

Carriers, Enteric carriers form an important source of tic 
spread of lofcclion. They serve to transmit the infection in their 
own localities or to other localities where they move to. 'liere 
are three types of carriers: the convalescent carriers, chroaic 
carriers and healthy or contact carriers. All the three types arc 
responsible for transmitting the infection. The majority of 
convalescent carriers get rid of the infection rapidly in a few 
weeks. About 2-4 per cent., however, fail to do so and rncaiD 
as permanent or chronic carriers. Paratyphoid carriers are fewer 
than typhoid carriers. Chronic carriers are the most important 
and most dangerous transmitters of enteric fever. Hcaitby 
conlactSi such as hospital orderlies and nurses, also become 
temporary carriers. The carrier may be of the faecal type when 
the condition Is very Hkcly dependent on a persistent infection of 
the gall-bladder, or, very rarely, the urinary type as a result 
of the infection lurking in the pelvis of the kidney or- in the 
Urinary bladder, A combined faecal and urinary carrier is not 
also very uncommon. Due to the greater facility for spread, 
the urinary type is equally, or more, dangerous as the faecal type. 
Wonmn carriers are more common than men carriers. There 
appears to have some correlation between the frequency of women' 
carriers and the frequency of gall-stones. Unlike the Shiga carrier, 
the enteric carrier is apparently hcallby. The excretion of bacilli 
from the carriers is intermittent, making repeated examination 
imperative for a correct diagnosis. 

The site of infection is the small intestine. The possible 
sequence of events occurring in the course of infection appears 
to be somewhat as follows: The organism gains entry thorugh 
the mouth, in food or drink. The normal acidity of the stomach 
is sufficient to destroy it, but the stomach may be empty or its 
contents too diluted, so that the organism escapes unscathed into 
the duodenum and jejunum. On reaching the intestine, the bacilli 
do not directly settle down and start disease. They attack the 
fvmphoid iissue, which is thus the primary site of infection, and 
- ^ into the blood stream through the mesenteric 


thence pass on — ... . , 

alands and tie lymphatic route, causirig bactcr^ia, and are- 
thin aimed nil over the body. TJk bactcraemia is, however. 
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transitory as it is soon followed by the removal of the organism 
from the blood by the reticulo-endothelial system. Small foci 
of infection arc then set up in the liver, gall-bladder, spleen, 
kidneys, bone marrow and other organs where the bacilli multiply 
in large numbers. Subsequently, from these foci there is an 
overflow of the organisms into the blood stream, starting the 
phase of secondary septicaemia, during which they are excreted 
in large numbers by the bile into the intestines. The organism 
displays a selective affinity for the lymphoid tissue and during the 
reinvasion of the gut, infection of the Peyer’s patches and the 
solitary lymphoid follicles of the intestine occurs followed by 
rapid multiplication of the organism, leading to an acute inflam- 
matory reaction, hyperplasia and infiltration with mononuclear 
cells. Necrosis and sloughing follow with the formation, of 
characteristic ulcers. This is the specific lesion of the disease and 
it is preceded by septicaemia and generalised infection. Changes 
similar to those occurring in the Peyer’s patches are also found 
in the mesenteric glands. 

■ Rash is due to minute cutaneous bacillary emboli. Haemor- 
rhage, caused by erosion of a blood vessel at the base of an 
ulcer, and perforation are only accidental complications and do 
not form part of the essential pathology of the illness. The 
spleen is usually enlarged and congested. Suppurative and 
inflammatory lesions may occur in other parts of the body as 
complications and sequels and the organisms arc found in them 
in large numbers. Cholecystitis, cystitis and periostitis are none 
too infrequent. 

The invading organism is present in the blood stream from 
the onsfiLof-sympjoms and may continue to be present there for 
varying periods during the course. Being an intestinal infection, 
the bacilli may be present in the faeces at any time in the course 
of the disCiase; but towards the end •of-4he-«coml-wcck and 
thereafter, they m.ay be recovered from the faeces with increasing 
frequency. They are also excreted in the urine, but with less 
frequency. The bacilli are present in the rose spots. They are, 
of course, present in large numbers in the intestinal ulcers and 
lymphatic tissue, the mesenteric glands and spleen. Stained 
sections of liver and spleen show localised masses of bacilli. The 
gall-bladder is one of the persistent sites of infection, a fact of 
great importance from an epidemiological point of view. The 
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Active immunity developed as the result of one type of 
enteric fever does not protect against any other type. Persons 
recovered from typhoid fever may still get any of the paratyphoid 
fevers in future and vice versa. Whether any cross immunity 
would have developed in them jn virtue of antigenic relationship 
is not known. 

Diagnosis. The isolation and identification of the infecting 
organism from materials obtained from the patients form the 
most dependable test in the bacteriological diagnosis of enteric 
fever. Though not equally reliable, the Widal test, done on the 
blood of the patient, is also of great practical value. 

Materials that may be used for culture arc the blood, faeces, 
urine or the d updena Lconlents. The frequency with which a 
positive culture can be obtained from any of these depends upon 
the stage of the disease at which the material is ewmined. Blood 
culture is the method of choice in the fi rjt wee k of the disease. 
During this period it yields 80-90 per cent, success, After_the first 
week, the organism begins to disappear from the blood with the 
result that the success of blood culture steadily falls, so that 
by the third week a positive blood culture is obtained only in 
about one>tb>rd of the cases. The disappearance of bacteraemia, 
it may be noted, is associated with a progressive rise in the 
agglutinin content of blood. B[owever, attempt should always 
be made to isolate the organism from the blood, whatever be the 
stage of the disease at which it comes under observation. 
A bacteraemia in the late second or third week is not a happy 
sign. Ordinarily, blood culture is a relatively simple matter. 
About JOc.c. of blood should be withdrawn from a convenient 
vein under aseptic precautions and inoculated into 50-100 c.c. 
of n suitable liquid medium. By gentle shaking the blood should 
t ■^d well with the medium. A 0’5 per cent, sodium tauro- 
h is the one usually employed and is quite satisfac- 
X bile (5 c.c. blood + 10 c.c. bile) obtains favour 
. When clotted blood is received, remove the 
t dium, break it up and culture (clot culture) 

for the agglutination reaction. This is 
, ' but superior results have been claimed 

' ' ting the organism from the primary 

xt paragraph. 
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bone marrow and, rardy, the pelvis of the Kidney are dhtr 

Which ranjes from two to 
three weeis, IS from the day of infecfiott to the day of the 
second rnvasron of the blood stream, and this secondary sewi- 
caemia reinvasion of the gut marks the onset of actual 
disease. The stage of acute infiammatioft and hyperplasia takes 
about a weeJc and that of necrosis and sfougbing probaMy another 
week or ten days. 

Relapses may occur during convalescence, but they are milder 
and of shorter duration with a very low mortality rate. ‘ Relapses 
are caused by the organism reinvading the blood from tfcc 
secondary foci. Probably, antibodies formed as the result of tfcc 
primary attad;, while insufficient to prewnt relapses, are neser' 
theless sufficient to make them mild. The milder nature may also 
fac accounted for by a f*ady and energetic response of the tissues 
to the rctafection of blood which is of the nature of secondary 
Stimulus (p. 241). 

Immunity. It is not clear whetiber mao possesses any natural 
immunity against enteric fever. Among people equally exposed 
to the risk of infection, some escape it altogether, some get the 
disease in a mild form, while otters contract a serious type, 
often succumbing to it. How far endemic immunity is the 
underlying factor in causing this wide divej-gence in the degree 
of resistance, is not quite apparent. 

Antibodies are incited early in the disease and agglutiniBS, 
bacteriojysm and immune opsonins begin to appear in the blood 
in about five to seven days after the onset of the illness. With 
the progress of the disease, their concentration increases in most 
cases and parallel with it the organisai< progressively disappear . 
from the blood. But it is also an observed fact that the presence 
of a high concentration of antibodies does not always protect 
the patient from death. Recovery from an ntlacfc of enteric 
fever is followed by a fair amount cf immuoity lasting for some 
years; but second or even third attack may occur. This « 
immunity is not necessarily associated with a high titre of scrum 
antibodies' in fact, the litre rapidly falls off to a negligibly low 
level in a short time and persists at that. The basis of protecuon, 
therefore is to be sought for in the sensitised tissues readily and 
vigorously responding to any possible infection and aborting it. 
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process, a suitable solid medium is employed for differentiation. 
MacConlcey’s agar is the difTerential medium usually employedJ 
Recently, several other selective media, ' such' as the bismuth 
sulphite agar of Wilson and Blair or the D.E.C. medium (p. 106), 
have been claimed to be superior to MacConkey’s agar. 

Excretion of these organisms in the i irinej s far less frequent 
than in the faeces; but when it happens, it is in large numbers 
and ordinary methods of cultivation prove easily successful. In 
the isolation of the organism from the faeces or urine, one single 
negative result should not be relied on. 

Widal Reaction. The agglutination reaction when applied in 
the diagnosis of enteric fever is called the Widal reaction. In 
doing the test we ate searching for the presence of the specific 
agglutinins, and their concentration, in the patient’s serum, by 
employing known strains of the different species of the enteric 
group.' A positive result of this test is very helpful but not 
conclusive, except in a minority of cases. 

The technique of the Widal reaction has been described else- 
where (p. 272). The test may be done by the microscopic or the 
macroscopic method. The latter is more reliable. The micro- 
scopic, or the slide method, is resorted to only rarely; it is more 
commonly employed as a preliminary test in the identification of 
newly isolated enteric organisms. A negative slide test is not 
a conclusive proof against the organism being any member of the 
enteric group. 

‘ The enteric organisms arc not equally prevalent everywhere, 
the type distribution differing in different localities. Hence, the 
choice of antigen employed in any laboratory depends upon the 
type of infection prevalent in that locality. It may be recalled 
that Bact. typhosum has more or less universal distribution. 
Para A is more prevalent in the eastern countries, like India, 
while para B is more prevalent in the European countries. 
Para C is much restricted in its occurrence. In many laboratories, 
Bact. Uphostan, Bact. paratyphosum A and Bact. paratyphosum B 
are always employed in the test with one other Salmonella 
species peculiar t6 the locality. The strains employed in the 
preparation of antigen should be the smooth form and of known 
high agglutinable potency. All these species are motile containing 
both the somatic and the fiagellar antigens and so the test is to be 
,.onducted with both O and H suspensions. Further, the suspen- 
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nr »'» “lywhlc to proceed with the sWv 

final identification rests mainly on the specific agglmmatien test. 

mLtZ 11“'’’'^ “Sslwiialing sera, high litre sera, ate 

prepared in the rabbit and kept ready for use. The test laaj 
be done by the slide agglutination method or by the macroscopic 
method; details of these are given elsewhere (p. 212). It should 
be remembered that fresft/y isofated strains of typhoid bacilli, con- 
taining the Vi antigen, may often give negative agglutination 
icectioa M-ith the specific O scrum, as the Vi antigen inhibits 
tnc inter^cdon 6ctwccn the 0 antigen and its antibodv. 

T/ie iso/ation of the oflTcnding organUtn from the faeces loay 
bccorne necessary if the blood culture has been a failure or when 
a clcafttacc test is called for before discharging patients. It is 
also of supreme importance in the detection of carriers. Next 
to blood, cuUivalion of faeces gives the greatest pcrccntiigc of 
positive results. The success in isolation from stools depends 
upon many factors, such as the number of the causative organisffls 
present in the motion, the suitability of the medium employed, 
(he amount of inoculum used for culture and the elBcienay of 
the technique. The number of bacilli present in the faeces 
depends upon the stage of the disease. They arc discharged 
most abundantly towards the c^'of the second week and during 
ibe third week, t/nnecessary delay in the culturing of stools 
and urine after removal should be avoided and cate should be 
taken to preclude (he possibility of any antiseptic coming in 
contact with them. Such delays and contaminations also tend 
(o reduce the percentage of success. In case delay is inevitable, 
as when a specimen has to be sent to a distance, before sending 
one volume of motion should be mixed with two volumes of 
a 30 per cent, giycero] in 0-6 per cent, saline. Pelay should 
likewise be avoided after the specimen reaches the laboratory. 

If the motion is solid it should be emulsified with sterile salise 
before inocu/adon. The use of a selective fluid medium as 
a primary step would greatly facilitate isolation as it would inhibit 
the growth of the rich bacterial flora, normally, contained in the 
faeces without interfering with the growth and multiplication of 
the enteric organisms. Bcilliaot green bile broth or broth con- 
taiains sodium tetrathionate or selenite forms a very satisfactory 
medium fot the primary enrichment culture. After (fie enrichment 
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process, a suitable solid medium is employed for differentiation. 
MacConkcy's agar is the differential medium usually employedJ 
Recently, several other selective media, such as the bismuth 
sulphite agar of Wilson and Blair or the D.E.C. medium (p. 106), 
have been claimed to be superior to MacConkey’s agar. ' 

Excretion of these otganisros in the urine J s far less frequent 
than in the faeces ; but when it happens, it is in large numbers 
and ordinary methods of cultivation prove easily successful. Tn 
the isolation of the organism from the faeces or urine, one single 
negative result should not be relied on. 

Widal Reaction. The agglutination reaction when applied in 
the diagnosis of enteric fever is called the Widal reaction. In 
doing the test we arc searching for the presence of the specific 
agglutinins, and their concentration, in the patient’s scrum, by 
employing known strains of the different species of the enteric 
group. A positive result of this test is very helpful but not 
conclusive, except in a minority of cases. 

The technique of the Widal reaction has been described else- 
where (p. 272). The test may be done by the microscopic or the' 
macroscopic method. The latter h more reliable. The micro- 
scopic, or the slide method, is resorted to only rarely t it is more 
commonly employed as a preliminary test in the identification of 
newly isolated enteric organisms. A negative slide test is not 
a conclusive proof against the organism being any member of the 
enteric group, 

' The enteric organisms arc not equally prevalent everywhere, 
the type distribution differing in different localities. Hence, the 
choice of antigen employed in any laboratory depends upon the 
type of infection prevalent in that locality. It may be recalled 
that Bad. typhosum has more or less universal distribution. 
Para A is more prevalent in the eastern countries, like India, 
while para B is more prevalent in the European countries. 
Para C is much restricted in its occurrence. In many laboratories. 
Bad. typhostan. Bad. paratyphosum A and Bad. paratyphosum B 
are always employed in the test with one other Safmonella 
species peculiar 16 the locality. The strains employed in the 
preparation of antigen should be the smooth form and of known 
high agglutinable potency. All these species are motile containing 
both the somatic and the fiagellar antigens and so the test is to be 
conducted viilh both O and H suspensions. Further, the susnen- 



44S 


A textbook op BACTBRlOLoar 


As »snt/oned ekewicrt, tic 

SettltW Srt’r-T * ^ and the 0 antie® ly 

ejltng bartcnal siispenston with absolute skohol (p. 434], !a 

a balteo> of swlably prepared and standareiiscd anffpens of W 
arc always kept ready for u5c; 

The Vi antigen stimutat^s the production of Vt antibodies, 
^ut It has been found ifiat, whenever the Vi sgglutiam arc prc' 
duced, the H and O aggimmns art JiJtcwise formed. Hence the 
Vt antigen is not usually included in the Widal reaetjoa, 

For the following reasons both H and O antigens should be 
employed in the test The O agglutinins develop earlier than the 
H agglutinins and if O antigen is not included in (he test, (be 
coiresponding O agglutinins will be missed and the chance of 
waking an early diagnosis will be reduced. Sometimes only Ibe 
O aeghtiitws are formed. St is but very rarely that the opposite 
phenomenon of only the H agglutinins developing obtains in 
typfto/d fever, though it may occur in paratyphoid iafections. 
The presence of the O agglutinins, as evidenced by a positive 
agglutination reaction with the 0 antigen, may also show vp 
that some other organism of the typhoid group and sharing the 
same common O antigenic fractions as the typhoid bacillus may 
be responsible for the fever under investigation, thus providial. 
a clue for search in a diflerent direction. This will not be possible 
if the H antigen alone is used. Further, the anamnestic response* 
sometimes associated with certain iofections, usually aUects only 
the H and not the 0 antibodies. Furthermore, an O agglutiw* 
tion test is far more helpful in the diagnosis of enteric fever wilb 
a previous history of protective inoculation. 

There arc several sources of fallacy and considerable experi- 
ence is necessary for a correct interpretation of the results. 
When reading the results, the possible occurrence of the prozone 
phenomenon should be kept in mind fp. 269). Again, what litre 
can be taken as diagnostic, is mllucaccd by several factors and no 
hard and fast level can be laid down. 

The sera of normal persons may contain agglutinins for 
cnteiic organisms. Such positive individuals constitute only less 
than 5 per cent. These "normal" agglutinins, when prcscnl, 
are usually of the O type and they occur only m losv litre, less than 
one in fifty (FeUJc). Others give the Ihnits of such normal 
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agglutination as; Bad. typhosum — 1:30 and O, 1;50; Bad. 
paratyphosum B— H, 1 : 30 and 0, 1 : io ; Sact. paratyphosum A — 
H and O, 1 ; 10. These are the limits observed in Britain, but 
they vary in difTerent localities. They are probably higher in 
endemic areas. 

The stage of the disease at which the test is conducted is 
another factor. Agglutinins usually begin to appear between the 
5th and the 7th day but may do so eariier or later. During the 
first week, only less than 20 per cent, give positive results and 
then in not more than 1 ; 50 tiire. The litre of the reaction then 
goes on increasing up to a maximum reached by about the end 
of the third week and then tends to fall, markedly at first, but 
slowly later. Generally speaking, while blood culture proves 
positive in about 20 per cent, of cases at this period, Widal 
reaction gives 80-100 per cent. Therefore, in the first week 
a negative reaction may be the result or when a positive reaction 
is obtained it may be only in a low litre. Nevertheless, it is 
of importance to perform the test at this period as a rising 
litre in a subsequent test is of great value in the diagnosis. A 
persistent low titre agglutination throughout the course of the 
disease generally points to a negative diagnosis. The fresh 
appearance of a low titre agglutination in the later stages is very 
suspicious. 

In those who have had protective inoculation with typhoid- 
paratyphoid vaccine, it has been said that agglutinins produced 
are of the H type, whereas in the natural disease both H and 
O agglutinins are formed. Recent work tends to disprove this 
and several workers have shown that O agglutinins are produced 
in vaccination, though not to the same titre as the H agglutinins. 
At any rate, six months after inoculation, it has been found that 
only 3 low titre of H agglutinins for all the organisms, not 
more than 1 : 200, and a much lower titre for O, less than I ; 50, 
are found. The probable presence of such residual agglutinins 
in patient’s blood again shows the importance of repeating the 
test and demonstrating a progressively increasing titre before 
establishing a positive diagnosis. ■ 

The phenomenon of non-specific stimulation, the anamnestic 
reaction, should also be kept in view when interpreting the 
results (p. 240). An attack of influenza or some other acute infe- 
ction in an immunised individual may cause a rise in titre of the 
“N 21 
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existing agglutinins. It seldom goes above 1 ; 100, Usually sucb 
ton-speciiic reactions are not' seen in the case of O agglutininj 
(Felix). ' . . . ; > 

It is obvious from the above facts that no particular titre 

be laid down as detinttely diagnostic; a risins titre, as 
shown by repeating the test once in three days, is the most 
valuable procedure. This is 'particularly important in the vacci- 
nated individuals. However, certain litres have been accepted 
as significant and should lead to a repetition of the test. These 
should be well beyond the range of normal reactions in individuals 
without previous protective vaccination and beyond the range 
of residual titres in vaccinated patients (vide supra). In the 
previously unvaccinated patients, a positive reaction of l.‘'40H.T» 
and I ; 80 O.T. is suggestive of typhoid fever and anything above 
these is diagnostic. Usually a vety much higher titre is obtainti 
after the first ten days. These titres when obtained with paro B 
antigens are equally applicable to paratyphoid S infections. 
But it should be noted that the O agglutinins are not infrequently^ 
poorly developed in para B infections. In paratyphoid A, lov.tf 
titres than these arc said to be sufficient for diagnosis. But 
infection with para A organism often produces as high a concen* 
(ration of agglutinins as the typhoid fever. High titres with bo& 
H and O antigens are obtained even in the early stages of enteric 
fever occurring in those who have h.'id protective immunissUon. 
In them a titre of 1 : 200 with O antigen is suggestive of typhoid 
and para B infections and 1 :400 diagnostic. A high titre with 
H antigen. 1 : 1280 or higher, is significant even in vaccinated 
persons. The diagnosis of paratyphoid A may be done with lower 
titres than those for the typhoid and para B bacjlli. 

A high titre of H ag^otinins, with 0 agglutinins absent or 
present in low titre, suggests either recent prophylactic vacdnation 
or possibly non-specific stimulation from some other inftrtioti- 
The opposite state of a high O agglutinin content, with H agglu- 
tinins absent or present in low titre, is strongly suggestive of in« 
disease even in previously immunised subjects. Frequently, 
from typhoid patients also show agglutination of paratyphoid A 
and B. This is due to the group relationship, as can be 
seen ftoT'-'^?y«lance at the antigenic chart given on page 433» 
it is r ’liivejy low litre and .should not cause serious 

f‘ i‘ at a correct diagnosis. 
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Diagnosis of Enteric Carriers. The isolation of the carrier 
organism from the faeces or urine of a person constitutes the 
surest proof that he is a carrier. The excretion of organisms 
from carriers is intermittent and so one negative result alone 
has no value. At least three consecutive examinations should be 
conducted before a negative report is given. On the ground that 
the organisms arc likely to be present in the greatest concen- 
tration in the bile and in the contents of the small intestine, the 
administration of a dose of calomel overnight followed by a saline 
purgative in the morning and collection of the second or third 
stool for examination have been advocated. Culture of the speci- 
men should be performed by two different methods, the ordinary 
method and an enrichment method as described above. The exami- 
nation of urine is to be pursued on the same lines as in the diagno- 
sis of acute cases. The collection of the duodenal contents for 
the recovery of the organism has also been recommended. 

The Widal reaction is not of great help in detecting carriers. 
It is positive in the majority of carriers. But a positive reaction 
may also be obtained in persons who are not carriers. Besides, 
a negative Widal reaction by no means excludes the carrier state. 
The Vi agglutination test is considered to be of particular 
assistance in the detection of typhoid carriers. It is reported 
that the majority of carriers have in their blood Vi antibodies. 

In the Vi agglutination test, the antigen employed is a 
bacterial suspension prepared from the growth of a known Vi 
strain on solid medium. Such a strain should react only with 
the Vi agglutinin and not with the H and O agglutinins. 
A concentrated suspension may be prepared and preserved for use. 
It deteriorates on keeping and should not be used after two 
months. Dilutions of the test serum are made as in the ordinary 
test in 1 c.c. volumes. Serum from 'a haemolysed specimen is 
unfit for the test. One drop (0*05 c.c.) of the concentrated 
suspension is then added to each tube. The tubes are incubated 
at 37® C. for two hours and left at room temperature overnight. 
The results are read by the aid of a hand lens on the following 
day.. A titre of 1:10 is considered suggestive in cases of 
suspected typhoid and should lead to a repetition of the test. 
As in the ordinary Widal reaction, a rising titre is more conclu- 
sive. The same titre, 1 : 10, is also regarded as suggestive in the 
case of suspected carriers. 
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Usrallyswi 

ffdixf ^ 

u 'te aBove Eicts tia( no particular ftrt 

ea» iw terd dovn as deSnitely dagnostic; a n'si'ag litre, as 
fioVB by Kpsatiag tie (esc once in three’ days, is the most 
V.? proceduK. Th&'is'part/cuJarly important in the vacci- 
^3tcd mcfividuals. However, certain titrcs have been accepted 
as stgnincaat and shouid lead to a repetition of the lest. These 
sbould be well beyond the range of-nonnal reactions in individaaJj 
without previous protective vaednation and beyond the tanie 
oC residual litres in vaccinated patients {vide si^/d). In ihr 
previousiy unvaccinated ptients. a positive reaction of 1 : 40 H.t» 
and 1 ' BO O.T. is suggestive of typhoid fs\er and anything above 
these is diagnostic. Usually a very much higher litre is obtained 
afier the first ten days. These litres when obtained with j;ara 3 
antigens are equally applicable to paratyphoid J? iofecliow. ' 
2?ut it should be noted that the O aggJuti'Dios are not iDfreqwsA'^f 
poorly developed in para B infections. In paratyphoid A, 
ttfres than these are said to be sufficient for dia^osis. Bat 
infection with para A organism often produces as high a con«v 
rration of agglut/nins as the typhoid fever. High litres with both 
H and O antigens are obtained even in ihe carty stages of enteric 
thver occurring in those who have bad protective immunisation. 

In them a titre of I ; 200 with O ant/gen is suegcstive of typhoid 
and para S infections and 1 : 400 diagnostic. A high titre with 
H antigen, 1 : 1280 or higher, ts signifitam even in vaccinated 
persons. The diagnosis of pamtifhatd A rnay be done W'ilh lower 
titres than those for the typhoid and jpora B baciUl 

A high litre of f f ag^utinins, with O agglutinins absent or 
present in low litre, snggests either recent prophylactic vaccination 
or possibly non-specific stimulation from some other infection. 

The opposite slate of a high O agglutioin content, with H agglu- 
tinins absent or present in low tilK, is strongly suggestive of the 
disease even in previously immunised subjects. Fregnently, seta 
from typhoid patients also diow agglutitiation of paratyphoid A 
and B This is due to the group relationship, as can be readily 
from a glance at the antigenic chart given on page 433; 
it is only in relatively low litre and should not cause serious 
difficulty in nnWiug at a conKt diagnosis. 
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employed destroys the VI antigen. So also the phenol used in 
the subsequent preservation. Such a vaccine lacking in the. Vi 
antigen will not be able to stimulate the production of Vi anti- 
bodies. For this reason, both killing and subsequent preservation 
should be done in alcohol. A vaccine prepared in this way has 
been found to incite the production of Vi antibodies. Hence, 
the immunising efficiency of it should be decidedly greater; this 
awaits practical confirmation. 

Bilivaccine has not the same prophylactic efRciency2[as the 
parenterally administered TA.B vaccine. The former has the 
advantage that it is orally administered. It is prepared in ten 
times the concentration of the ordinary vaccine. After killing, 
the vaccine is dried, usually mixed with starch and put up^in 
capsule form. Three doses arc given, each one hour before 
breakfast on three successive mornings. The administration of 
three*fourth of a grain of bile salts about one hour before the 
vaccine is recommended in the belief that they would ensure 
better absorption. 

General Prophylactic Measures. In countries, like Britain 
and U.S.A., where sound general sanitary measures form 
part not only of their public heallb scheme but also its practice, 
the incidence of enteric fever has been very largely controlled. 
General measures include efficient sanitary arrangements, parti- 
cularly in the matter of sewage disposal; protection and purifi- 
cation of water supply; protection of milk and other vehicles 
of infection, such as ice cream and shellfish; the effective dis- 
posal of infected materials from the patient and a vigorous 
campaign against flies. Carriers are the most potent agents in 
the spread of the disease and also form an effective link between 
epidemics. Hence, their detection and control constitute another 
important prophylactic measure. It is extremely difficult to get 
rid of the carrier state. Ordinary measures, such as vaccine 
therapy and chemotherapy, have proved unavaling. Chole- 
cystectomy in the case of the faecal carrier is a very effective 
measure. However, it is of restricted applicability. Surgery 
obviously has no use in the case of urinary carriers. The 
more practical method of not employing carriers as cooks 
and servers in such trades as concerned with the manufacture 
or handling of food should be adopted. 
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claimed^rnt- M *■ ^ “'“'""n- w®«y prepared, has beeo 

iSl. '■ =S4i®t typhoid 

hnrt T fu‘ ° <<«* no'- JmoiMc sera cm^ms 

ootii O anti Vi antibodiea shouM theoretically be of iaim by 
^eatrahswg the toxic antigens and by helping to destroy the 
oacijii. Such sera have been prepared and .their Jiniiicd Itial 
would seem to testify to tbeir superiority over others. 

Specific Propbfhxis- It consists in immuflisiu^ individual 
with tj'phoid-paratyphoid (T.A.B) vaccine. This is prepared from 
selected smooth stra/os of T, A and B, possessing maximum 
viru/eoce. The culture should be exposed to heat ^nd chemicals 
as /htlc as possible. Heavy, growth, oMamed on solid 
is washed off mch sterile pfiysto/ogica/ salt solution and Wei 
hy heat at <J0® C. for thirty minutes. As a preservative phenol Of 
tricresol is added in proper concentration (p. )45). The vaccine is 
then standardised so as to contain in 1 c.c. 1,000 jniHion typhoid 
bacilli and 750 million each of pora A and para B. The dost 
of (his vaccine is I cubic centimetre. Better protection h 
obtained by giving two doses than one dose, the first out 
0*5 C.C. and the second I c.c., 7 to 10 days apart. The dose is 
reduced in children proportional to their weight. It is admiai* 
stered subcuCaneoualy, Slight heal and general reaction may foffov 
in some individuals. IfiCracutaitcous method has beeo advocated 
by some people who claim that rt evokes belter immunity response 
and is less tiablc to cause general reaction. Three doses of 
OT. OTS and 0-2c.c. have been recommended for this. 

The prophylactic value of protective inoculation against 
enteric fever has been fully eslabh’sbcd, particularly by the results 
of mass immunisation of the fighting personnel; and now there 
is universal agreement on this point. Protection once conferred 
lasts for a year. Hence, vaecioalion should be repeated evciy 
year, especially when there h the threat of an outbreak of 
epidemic pod in fieW conditions. Proteciion docs not completely 
safecuard against fuiuxe infectioa; recurrence may happen, but 
such cases ate rare and milder and less fatal than those among 

the uttvaccioated, , ^ » 

The method of stetdssing the r.A.B vaccine by heat, as 
Bientioned above, is unsound in principle. -The degree of heat 
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food poisoning, for in this the abnonnality is not in the food 
but in the allergic person. • > ■ ‘ 

Bacterial food poisoning is due to the ingestion of contami- 
nated food, uncooked or imperfectly cooked. The condition 'is 
due either to the actual infection by the contaminating organism, 
the infection type, or to the presence of preformed bacterial 
toxin m the food, the toxic type. Investigations have proved 
that'the condition is not due to ptomaine poisoning, as was once 
believed. Putrescine, cadaverine, mclhylamine and others, which 
are formed as the result of bacteria! decomposition of protein 
and collectively called ptomaines, arc not toxic when administered 
by mouth (p. 217). Attempts to reproduce the disease in man by 
feeding with the culture filtrate of the food poisoning bacilli have 
not succeeded; therefore, the condition is assumed to be due to 
infection. In food poisoning, particularly the infection type, 
organisms are present m the intestines. Frequently, they also 
spread to the blood stream inducing bacieraemia or septicaemia. 

‘The infective organisms are chiefly: Eact. enteritldis of 
GaertJier, Bact. typhl-murium, Bact. cholera-suis or the suipestifer 
bacillus and less frequently the paratyphoid bacilli. Besides 
these, several other members of the SalmoncUa group, such as 
Bact. sianiey, newport, derby, oranienhurg and others, have been 
reported from dUferent regions as the responsible agents. Besides 
the Salmonellas, other organisms, like Proteus, members of the 
coli group, streptococci, staphylococci and even dysentery bacilli, 
have been incriminated in various outbreaks. This is not surpri- 
sing as food forms an excellent pabulum for the rapid growth 
and multiplication of micro-organisms. 

The toxic type is due to the ingestion of preformed toxin 
in prepared food, such as canned or preserved food. Exotoxins, 
like the enterotoxin of staphylococci and the botulinum toxin, 
produce acute intoxication (sec under the respective organisms). 

Meat, milk, fish or eggs are the materials usually affected. 
Vegetables and cereals are very much less frequently and fruits 
only very rarely affected. Pork and beef are probably the 
commonest agents. Preparations like cheese, sausages, sand- 
wiches, pies and similar canned and preserved meats often serve 
as vehicles. The infected food is taken imperfectly cooked or 
uncooked. Obvious evidence of contamination, be it remembered, 
may often be wanting cither in look, smell or taste. > 
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^ Sact. alkaligenes is a motile, Grani-negstive bsciJJus qtiiw 
wert 017 stfi^flrs. Tts motitHy is rfue to thtf presence of peritrichate 
vagelh. Plenty of alkali is produced during grovnh and tbdr 
co/onies o« MaeCoiiJrey’s plate are surrounded by bleached zones 
ouc to the diffusion of aiiraJi into the JvedJum. Ji givei rise te 
a characteristicatjy brown growth on potato. Litmus milk is 
rendered deep blue in two or three days. The organism may bs 
found in normal faeces. It has been isolated from the blood 
and urine of patients suffering from infections of the entenc 
type. Its pathogenicity is stiU a matter of doubt. 

A long, thin and slightly curved organism, somevi'bat leseta- 
bling Bact. olkoltgenes, but provided with }ophonicba)c Ssgt^iz, 
has been described under the name of Vibrio oJkolistnes, Itt 
relattooshtp with the foTmer is not known. 


THE F001> POISONING GROM? 


bacterial Food Poisomng. Organisms mainly associated with 
food poisoning belong to the Salmonella group. Jq morphology and 
general characters they resemWe the enferic group of orgamsms. 
ffcoc&cinicai/y, they are all inert to lactose and saccharose, bet 
produce both acid and gas in glucose and a number of other sogass 
(Table XHI). Indole is not formed by any of them. In mtwboVic 
activities and lesislanee, they resemble the enteric group. No 
extracellular toxin is formed by any of these or^aisms. Growing 
in food materials, they produce a powerful endotom; it is stable, 
withstanding a temperature of iOO^’C for thirty minutes. 

In a general way, the term food poisoning may be employed 
to denote all types of trauma caused by unwholesome food. 
The ill effects may be due to contamination with the organisms of 
cholera, enteric or dystastry, which go under the name of 
food‘bonje diseases; to the iotnnsicalJy poisonous nature of 
food as in the cate of certain poisonous fish, toadsiools, atriplex 
Of ersof to certain chemicals, like lead and arsenic; and to 
Lcteria and bacterial products. But the term is restricted by 


convention to 


the last mentioned group. 
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food poisoning, for in this the abnormality is not in the food 
but in the allergic person, ' ’ ' 

Bacterial food poisoning is due to the ingestion of contami- 
nated food, uncooked or imperfectly cooked. The condition ‘is 
due either to the actual infection by the contaroloating organism, 
the infection type, or to the presence of preformed bacterial 
toxin in the food, the toxic type. Investigations have proved 
that the condition is not due to ptomaine poisoning, as was once 
believed. Putrescine, cadavcrine, methylamine and others, whieh 
are formed as the result of bacterial decomposition of protein 
and collectively called ptomaines, are not toxic when administered 
by mouth (p. 217). Attempts to reproduce the disease in man by 
feeding with the culture filtrate of the food poisoning bacilli have 
■not succeeded; therefore, the condition is assumed to be due to 
infection. In food poisoning, particularly the infection type, 
organisms are present in the intestines. Frequently, they also 
spread to the blood stream inducing bacteraemia or septicaemia. 

• The infective organisms are chiefly: Bad. enlerilidis of 
Gaertner, Bact. typlii‘murtum, Bact. chohra-suis or the suipestifer 
bacillus and less frequently the paratyphoid bacilli. Besides 
these, several other members of the Salmonella group, such as 
Bact. Stanley, newport, derby, oranlenhurg and others, have been 
reported from different regions as the responsible agents. Besides 
the Salmonellas, other organisms, like Proteus, members of the 
coli group, streptococci, staphylococci and even dysentery bacilli, 
have been incriminated in various outbreaks. This is not surpri- 
sing as food forms an excellent pabulum for the rapid growth 
and multiplication of micro-organisms. 

The toxic type is due to the ingestion of preformed toxin 
in prepared food, such as canned or preserved food. Exotoxins, 
like the enterotoxin of staphylococci and the botuHnum toxin, 
produce acute intoxication (sec under the respective organisms). 

Meat, milk, fish or eggs are the materials usually affected. 
Vegetables and cereals are very much less frequently and fruits 
only very rarely affected. Pork and beef are probably the 
commonest agents. Preparations like cheese, sausages, sand- 
wiches, pies and similar canned and preserved meats often serve 
as vehicles. The infected food is taken imperfectly cooked or 
uncooked. Obvious evidence of contamination, be it remembered, 
may often be wanting either in look, smell dr taste. ' 
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Infeclion of meat and olher food materials may occur as the 
resvU otdisms in thn animat, sfcl: cattle or pies, or by esoee. 
sous meliaJs. Mention Aas been made before that some of iiie 
Satmonetlas ate important pathogens of these animais. Extaae- 
cus infection may be by a human carrier transmitting it 
^aughtering of ammaU or during preparation of the food. 
Rodents, such as rats or mice, harbouring infection either in an 
active or quiescent condition, may also carry the infection before 
or after preparation, Natumi infection of rodents with Sa^m- 
netfas are all too common. Egg is infected as the result of 
infection of ovum in the oviduct of the infected parent bird. 

Food poisoning occurs in small outbreaks and as isolated 
cases. Keporfs of food poisoning are not so frequent in ibis 
country as in some of the western countries. Food potscnisi 
is more common in the hot summer months as a warm tempe- 
rature favours rapid multiplication of the offending o^nisjus. 
The Incubation period is very short, may be even a few hours 
in the toxic type. The .symptoms are those of acute ^stro* 
enteritis associated with marked toxaemia; septicsemh is oftea 
present; even the meninges may be invaded cau^ roemrtgUvv 
The disease is of short duration, the symptoms usually subsidiBg 
in two of three days with complete recovery. The mortality sate 
is very low, about I per cent. The condition is more fatal in dst 
youug than in the old. 

Diagnosis. History is very essential for a conect diagnosis. 
The clinical features are also very helpful. A laboratory diagnosis 
is made by investigating the jcmnanls of the suspected food, and 
vomit, faeces and blood from the sick person. Attempts should 
always be made to isolate the organism from these mMwatSv 
The injection of a portion of the left off food into mice or guinea- 
pigs should be performed. These animals are very susceptible 
to the Salmojiella organisms. If the animals get sick, attempt is 
made to isolate the organism from Ihera. Efforts should likewi« 
be made to isolate the organisms directly from the food, vomit 
and stools. Blood culture from patients may also yield positive 
tesuUs. In all these, the procedure is the same as in the case 

of isolating enteric organisms. 

Ap^ftijination test with the paftcnl s serum affords little or 
no heb in the diagnosis during the acute stage due to the short 
duration of the dis^ 
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if required for epidemiological or ‘legal purposes. Standard 
suspensions should be used in the carrying out of the test. The 
identification of the isolated organism is not easy. The study of 
biochemical reactions, no doubt, will help {vide Table XIII). But 
only serological tests can confirm the identity. A reference to 
the table on page 433 will show that the Gaertner bacillus and 
the typhoid bacillus have the same somatic antigen. There is 
also close serological resemblance between Bact. typhUmitrium 
and Bad. paratyphosum B, the only antigenic difference between 
them being that in their specific phase they possess different 
flagellar antigens. Again, Baa. paraiypkosum C and Bad. cholera^ 
suis contain common antigenic components. For identification, 
therefore, direct agglutination tests have to be supplemented by 
absorption tests described elsewhere (p. 273). 

Treatment nnd Prophylaxis. Except in botulism, no specific 
treatment is necessary. An antiserum is available for the treat- 
ment of botulism. Prevention U very important. The control of 
meat at every stage till its consumption reduces considerably the 
chances for contamination. The condemning of infected animals 
before slaughter and a thorough system of meat inspection are 
some of the important points. The extermination of rodents in 
places where food industry is carried on should be undertaken. 
The non-employment of carriers in dairies and in food industry 
should be insisted. The use of fresh meat wherever possible, 
eschewing of damaged articles of food, thorough cooking and 
pasteurisation of milk are other measures. 

The Dysentery Group 

This group includes several species that cause one type of 
acute colitis in man called bacillary dysentery. A similar 
clinical syndrome may be caused by a number of other parasitic 
agents, chief of which is £. histolytica. The first member of the 
dysentery group to be discovered was Bact. shigae by Shiga in 
1898 during an epidemic of dysentery in Japan. Two years later 
the same organism was discovered in Germany by Kruse and 
so Bflcf. shigae is also referred to as the Shiga-Kruse bacillus. 
About the year 1900, Flexner and Strong obtained a different 
type from the stools of dysentery cases in the Philippines, now 
called Bad. flexnerl. Several other types were subsequently 
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described from various parts of the world, but their data to 
separate identity or causat relationship to the disease .had aot 
been accepted for a long time. As a lesuit, for several years, 
much confusion prevailed in the nomenclature and identity of 
types. The dysentery bacilli are strict parasites and are found 
only in the lesions they cause. Outside the body, they, may live 
but for short periods. 

Morphology. These organisms resemble the typhoid bacillus 
in morphology and staining characters. They are 2-4 microns 
lone. Shorter and even coccobacillary forms are not uncommon. 
With the exception of the Newcastle bacillus, which is feebly 
motile, all arc non'molile. They are non-sporing, non-capsulated 
and Gram-negative. 

Growth Requiremenfs. The dysentery bacilli are aerobes and 
facultative anaerobes. The optimum temperature is 37’ C. -They 
ate not fastidious in their nutritional requirements and will grow 
readily on ordinary media. Nicotinic acid appears to be sa 
essentia! requirement with a few species and in synthetic solutions 
they have to be provided with this substance. , 


TABLE XV 

Bioehemlcal Reactions of the Dysentery Group 
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Biochemical Actirity. The dysentery bacilli are less active 
biochemically than the coli group. They form only acid, but 
not gas, in certain sugars. The Shiga and Schmitz types ferment 
only glucose. Others ferment mannite and a few more sugars. 
Hence the primary classification of the dysentery bacilli into 
mannite-fermenters and non-mannite-fermenters (Table XVI). 
Sonne’s and the dispar bacilli ferment lactose and often saccharose 
very slowly. Certain Flexner strains also cause late fermentation 
in saccharose. Slight amount of gas is produced in glucose and 
dulcite by the Newcastle bacillus. Litmus milk is rendered 
slightly acid, but some strains of the Flexner group turn it alkaline 
after the initial acid phase. In the case of Bact. alkalescens, the 
reaction is throughout alkaline. The production of indole by the 
dysentery bacilli is not uniform. This serves as an important 
differential feature. The Schmitz bacillus produces indole, but 
not Bact. shigae. Bact. produces indole, thus differing from 
Bact. somei. Bact. alkalescens forms indole, but Bact. neweastle 
is negative. Indole production varies among the flexner strains 
(Table XV). 

Resistance. Heat and other adverse agencies easily destroy 
them. They are less resistant to the bacteriostatic action of dyes 
than the enteric group of organisms. 

Classification. ' From their action on mannite, dysentery 
bacilli are primarily classified into mannite-fermenters and non- 
mannite-fermenters. The former include the Flexner group, 
Sonne’s bacillus, the Newcastle bacillus. Bad. alkalescens and 
Mact. dispar, each serologically distinct. It is doubtful whether 
the last two species arc pathogcnia The non-mannite-fermenters 
include Bact. shigae and Bact. ambiguum. In addition to ‘ these 
types, several unidentified organisms are met with in bacillary 
dysentery. They arc grouped as atypical dysentery bacilli. Further 
classification of the dysentery organisms is based on their sero- 
logical reactions. Bact. shigae is a homogeneous group ; so also 
Bact. ambiguum and Bact. sonnet. A point to be remembered 
of Sonne’s bacillus is that it may go rough soon under artificial 
conditions. The Flexner group is a heterogeneous one, the mem- 
bers exhibiting a complex antigenic structure. Andrewes and 
Inman classified it into five types; V, W, X, Y and Z. Boyd 
has recently regrouped them, on the basis of his studies, into 
V, W, Z, 103, P 119 and 88, designated also by Roman numerals: 
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described from various parts of the worid, but tbeir efaim to 
separate identity or causal relationship to the disease had not 
been accepted for a long time. As a resuit, for several years, 
Binch confusion prevailed in the nomenclature and ideatily of 
types. The dysenleiy bacilli are strict parasites and are found 
only in the lesions they cause. Outside the body, they, may live 
but for short periods. 

MonjIio?ogf. 'Hiese organisms rcscmbJe the typhoid badl/as 
in morphology and staining characters. They arc 2-4 microns 
Jong. Shorter and even coccobacdkry forms are not uncommon. 
"With the exception of the Newcastle baciJIus, which is, feebly 
motitc, all arc non-molile. They are non-sporing, non*capsuIalcd 
and Gram-negative. 

Growth Requirements. The dysentery bacilli are aerobes and 
facultative anaerobes. The optimum temperature is 27^ C. Tbey 
are not fastidious in their nutritional requirements and will grow 
readily on ordinary media. Nico/inic acid appears to he an 
essentia? requirement with a few species and in synthetic solutioas 
they have to be provided with this substance. 


TABLE XV 

BioeftcffllcaJ Rcactioas of the Dysentery Group 
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The smooth somatic antigen (the endotoxin) of Bact. shigae is a 
polysaccharide-lipoid-protein complex; it is highly toxic and 
powerfully antigenic. 

Pathogenicity. Laboratory animals fed wth cultures of 
dysentery bacilli do not develop any disease. But, when fed with 
massive doses or intravenously administered, rabbits, mice and 
to a less degree guinea-pigs develop haemorrhagic enteritis or 
peritonitis and die. There is, however, no similarity between 
these lesions and the natural disease in man. With a Shiga 
culture the animals may also develop muscular paralysis if they 
survive long enough. 

The dysentery bacilli, with the exception of Bact. alkalescens 
and Bact. dispar, cause dysentery in man. They are also related 
to the summer diarrhoea of infants and children (vide infra). The 
pathogenic role of Bact. aikalcsceris has not been fully established 
and Bact. dispar appears to be noo-pathogenic. 

Bacillary dysentery is prevalent in all countries and climates, 
"but it is more common and more severe in the tropics sod sub- 
tropics than in the temperate regions. Bacterial dysentery is far 
.more common than the protozoal. About 80 per cent, of dysentery 
in India is said to be bacterial and the rest mostly amoebic. 
Dysentery due to BalantidUim coti is very rare. Certain intestinal 
flagellates, particularly Giardh iniestinaiis,- are also occasionally 
responsible for mild cases of dysentery and diarrhoea. About 
55 per cent, of bacterial dysentery is due to the Flexner type and 
the rest due to the Shiga and Sonne bacilli. Bacterial dysentery, 
particularly that of Shiga origin, is primarily an epidemic disease. 
Sporadic occurrence is also common. It is also associated with 
large collections of people, as in barracks, jails, hospitals and 
asylums. The so-called asylum dysentery is only a type of bacterial 
dysentery. It lingers in the asylums because of the insanitary 
condition usually prevailing there. 

Dysentery shows seasonal variation and in India its peak is 
during the heavy monsoon months. This period also corresponds 
to the months of highest fly population. In colder countries it 
■ is more common during^ summer. The mode of transmission is 
■through food and drink, contaminated, directly from active cases 
•or carriers or indirectly by flies. There is undoubtedly a close 
! relationship between flies and^dyScntcry epidemics, indicating the 
former’s role in transmission, .. Contaminated water does not 
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Tree X k’o™v Z’ -I respectively; .According to him 

yP only an incomplete .variant of Type Z and Type Y 

; , TABt£XW . 

Classification of the Dysentery Bacilli 
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(Hiss and RusseJi) the common degradation product of the spccifi 
types, containing only the complex group antigen without an; 
type-specific antigen ; that is, the old Type Y is only a laboratcc 
product. The Newcastle haciUus is very iikeJy identical with Typ 
88, with wliich it is serologically related. It would seem froir 
his work that there are at ieast six separate specific ant/geiu 
representing six distinct serological types and in addition there 
are many common non-specific or group antigens. These group 
antigens are responsible for the cross agglutination occurring 
between the types. This work a^va^^s confirmation. As stated 
above, several more species resembling the dysentery bacilli in 
some respects have been isolated from cases of dysentery, but 
their exact relationship to the disease still remains undetermined. 

ToxJa Prodactioa, Of all the dysentery bacilli, the Shiga 
bacillus is the most toxic. They ali produce powerful endotoxins. 
Only the Shiga type elaborates in addition an exotoxin; the latter 
is peculiar in that it does not diffuse out of the bacterial cell 
so readily as the classical exotoxins. Hence, some authorities 
regard it only as an endotoxin. It can be obtained free of cells 
by filtering a week-old broth culture. It is destroyed by heat 
at 75‘’-80®C. in one hour. It is very toxic to rabbits and mice. 
Administered intravenously info the rabbit, it causes diarrhoea 
.and collapse, ending fatally. It consists of two components, 
a neurotoxin and a histiotoxfn. Immunisation of horses with it 
produces a specific serum of high antitoxic value. In the case 
of the other dysentery bacilli, endotoxin is the only toxic factor. 
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The smooth somatic antigen (the endotoxin) of Bact. shigae is a 
polysaccharidedipoid-protein complex; it is highly toxic and 
powerfully antigenic. 

Pathogenicity. Laboratory animals fed with cultures of 
dysentery bacilli do not develop any disease. But, when fed with 
massive doses or intravenously administered, rabbits, mice and 
to a less degree guinea-pigs develop haemorrhagic enteritis or 
peritonitis and die. There is, however, no similarity between 
these lesions and the natural disease in man. With a Shiga 
culture the animals may also develop muscular paralysis if they 
survive long enough. 

The dysentery bacilli, with the exception of Bact. alkalesceus 
and Bact. ditpar, cause dysentery in roan. They are also related 
to the summer diarrhoea of infants and children {vide infra). The 
pathogenic role of Bact. alkaleseens has not been fully established 
and Bact. dispar appears to be non-pathogcnic. 

Bacillary dysentery is prevalent in all countries and climate^, 
but it IS more common and more severe in the tropics and sub- 
tropics than in the temperate regions. Bacterial dysentery is far 
more common than the protozoat About SO per cent, of dysentery 
in India is said to be bacterial and the rest mostly amoebic. 
Dysentery due to Balantidium coUis very rare. Certain intestinal 
flagellates, particularly Giardia intestinniis,- are also occasionally 
responsible for mild cases of dysentery and diarrhoea. About 
55 per cent, of bacterial dysentery is due to the Flexner type and 
the rest due to the Shiga and Sonne bacilli. Bacterial dysentery, 
particularly that of Shiga origin, is primarily an epidemic disease. 
Sporadic occurrence is also common. It U also associated with 
large collections of people, as in barracks, jails, hospitals and 
asylums. The so-called asylum dysentery h only a type of bacterial 
dysentery. It lingers in the asylums because of the insanitary 
condition usually prevailing there. 

Dysentery shov/s seasonal 'variation and in India its peak is 
during the heavy monsoon months. This period also corresponds 
to the months of highest fly population. In colder countries it 
is'morc common during^ summer. . The mode of transmission is 
through food and drink, contaminated directly from active cases 
•or carriers or indirectly by flies. There is undoubtedly a close 
! Tclationship between flies and,dyScntcry epidemics, indicating the 
former’s role in transmission. Contaminated water does not 
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S .yptoid ’S:'”' “ 

BaeiHary dystnleiy is an acute mfcctious disease in „hicl. 

“"<f often oarotic changes in the 

T, f intestine, rarely extending to the last part 

oi me iJeum, a chnicaHy identical condition is caused by 
Jintamoeba Itlstolvtuv and certain other intestinal protozoa. Like 
cholera. baciHapr dysentery is a local infection confined to the 
primary lesion in the i*iJt and associated with general manifests- 
tions from systemic toxaemia. Generally, beyond the focal 
mesenteric glands and the intestinal mucosa, there is no bacillary 
invasion and only very rarely, if at all, are the Jiver and spleen 
invaded. Thafis to say, unlike in typhoid fever, there is so 
blood infection in dysentery. 

The incubation period is generally short, about two to three 
days. From mild diarrhoea all grades of severity occur. Gtse' 
rally, the Shiga dysentery is a more severe type, the mortality rate 
being about 20 per cent. Complete recovery from it is a rather 
prolonged process and tendency to chronicity is a great danger, 
as ft leads to hfc-long colitis and invalidism. The immuroty 
against the dysentery bacilli is feeble and one attack, even when 
completely cured, does not protect against subsequent attacks. 

Carriers. Carriers form a great source of danger to the 
community, as they play an important role in the transmission. 
Convalescents become rapidly bacillus-free, in seven to ten days. 
About 2-3 per cent, persist to harbour the infection even aHcr 
three months. They arc the permanent or chronic carriers. 
Some ainhorities also believe in the existence of healthy carriers. 
The discharge of the organism from the carrier is intermittent; 
the Shiga carrier is a more constant excretor than the Flexncr 
carrier. The dysentery carrier is of the fa^l the urinary 
type does not occur as there is no systemic infection in dysentery. 
The clinical diflerence is also noteworthy. The Shiga carrier is 
ill and is practically an invalid, while the Flejrner earner is 
comparatively well. 

Diagnosis. Entamoeba histolytica causes a clmical condition 
exactly similar to bacillary dyseatecy and a difrerentiaf diagnosis 
between them is extremely important, as the, specific treatment 
of these two types is entirely different .iTfec. bacteriological 
diagnosis of dysentery rests>'a[most solely on an examination of 
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the patient’s faeces. The examination of blood for the presence 
of the specific agglutinins may rarely help. , 

I. The faeces should be collected in suitable sterile containers 
and despatched carefully and immediately after it is voided.' No 
urine or antiseptic should be allowed to mix s\ith it as the 
dysentery bacilli are killed by these. The mucus portion should 
be selected for examination. A rectal swab may sometimes be 
more convenient, partici^Jirly when examining children. 

'Hie naked eye appearance and reaction may be suggestive. 
The motion in bacillary dysentery' is small, mucoid, blood stained 
or purulent, with no faecal smell and showing alkaline reaction. 
In amoebic dysentery, it is large, foul smelling, mixed with 
blood, mucus and faeces and acid in reaction. A loopful of the 
specimen is mixed with a loopful of saline and examined under 
a cover-slip with the one-sixth objective. An abundant cellular 
exudate, consisting mostly of pus cells, red blood corpuscles and 
epithelial cells, is very characteristic of bacillary dysentery. 
Macrophages, large mononuclear cells with relatively large nuclei 
and often vacuolated, may be present, simulating immobilised 
amoebae. The rather healthy appearance of the red cells, arranged 
in regular rouleaux formation and the absence of the pathogenic 
amoebae and Charcot Leydon crystals arc other suggestive 
indirect evidences of a bacillary aetiology. Jn amoebic dysen- 
tery, amoebae are seen and cellular exudate is scanty or absent. 
The only other dysenteric condition in which cellular exudate 
may rarely be obtained is giardiasis. But in this, the characte- 
ristic vegetative or cystic parasite is present in large numbers. 

The isolation of the organism followed by its identification is 
the only sure evidence. Dysentery organisms arc present in the 
faeces from the very commencement of symptoms, their number 
progressively decreasing. They arc rapidly destroyed in the faeces; 
hence, cultivation should be proceeded with without avoidable 
delay. But if delay is unavoidable, one part of faeces is 
mixed with two parts of 30 per cent, glycerol in 0*6 per cent, 
saline. The chances of successful isolation decrease with the 
duration of the illness. In the first three days, about 70-80 per 
cent, of specimens yield positive results; after this the success rate 
rapidly declines. , , 

The methods employed for the isolation of the dysentery 
bacilli from faeces are essentially ihc.same as those employed in 



462 


A TEXTBOOK OF 'BACTERIOLOGY 


‘ spread of dysentery as it 


seem to play so important a role in the s 
does in typhoid fcs-cr, 

dysentery is an acute infectious disease in ubicii 
there IS acute inffammatoiy and often necrotic changes in the 
™ .f *’>fSe intestine, rarely extending to the last fart 
01 me Ileum. A clinically identical condition is caused by 
FMomoeba bhlnlrihv and certain other intestina! protoms. Lite 
cholera, bacillapr dysentery is o local infection confined to tie 
primary lesion in the got and associated with getteral manifesta- 
tions from systemic toxaemia. Generally, beyond the focal 
mesenteric glands and the intestinal mucosa, there is no bacillaiy 
invasion and only very rarely, if at all, arc the liver and spto 
invaded. That ‘is to say. unlike in typhoid fever, there is do 
blood infection in dysentery. 

The incubation period is generaily short, about two to three 
days. From mild diarrhoea ail grades of severity occur. G^9^ 
rally, the Shiga dysentery is a more severe type, the mortality rate 
being about 20 per cent. Complete recovery from it is a raito 
prolonged process and tendency to chronicity is a great danger, 
as it leads to life-long colitis and invalidism. The immunity 
against the dysentery bacilli is feeble and one attack, even when 
completely cured, docs not protect ag.iinst subsequent attacks. 

Carriers. Carriers form a great source of danger to the 
comtnuaity, as they play an important role in the transmission. 
Convalescents become rapidly bacillus-free, in seven to ten days- 
About 2-3 pet cent, persist to harbour the infection even after 
three months. They are the permanent or chronic canitts. 
Some authorities also believe in the tristence of healthy carrieis. 
The discharge of the organism from the carrier is inteiroitteni: 
the Shiga carrier is a more constant excretor than the Ftaner 
carrier. The dysentery carrier is of the faecal type; the nriaary 
type does not occur as there is no systemic infection in dysentery. 
The clinical difference is also noteworthy. The Shiga carrier is 
t'Ji and is praclicaily an invalid, while the FJexncr carrier is 

comparatively well. _ 

, uiagnosis. Fntamoeba bblolfllca causes a chnical condition 
exactly similar to bacillary dysentery and a diffcrenlial diagnosis 
belivccn them is extremely impollant, as the, specific ttealmcnt 
of these two types is entirety different, .iThe. bacteriological 
diagnosis of dysentery rcsts>'afmo3t solely on an examination of 
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through a sigmoidoscope should be examined. One negative 
result is not conclusive. Serology may prove more useful in the 
detection of carriers. 

Prophylaxis. The general principles of prophylaxis are the 
same as those employed against enteric infections. The non- 
employment of carriers as cooks and servers is important; so 
also fly control. 

Active immunisation may be tried. Vaccines are prepared 
in the same way as the T.A.B vaccine. The Shiga vaccine is very 
toxic and should be used carefully. The Flexner vaccine should 
include all the serological strains. Bilivaccine has the advantage 
that it is orally administered, but is even less effective than the 
heat-killed vaccines. Dysentery vaccines have not proved satis- 
factory and are seldom used. Superior results have been claimed 
for a Shiga vaccine specially prepared by treating the culture 
with O'5-l -0 per cent, formalin for two weeks at 37*0.; it is 
less toxic and large doses can be given without risk. 

Treatment. Therapeutic sera are prepared from horses. 
Refined and concentrated sera are available. The serum treatment 
gives better results in Shiga infection than in others. In infection 
with the Flexner type, a polyvalent serum should be used. The 
Shiga serum is both antibacterial and antitoxic, while sera against 
other types are only antibacterial. The serum should be admi- 
nistered as early as possible. Large doses, 50-100 c.c. of the 
unconcentrated serum, should be given intramuscularly, and in 
serious cases intravenously, and repealed if necessary at intervals 
of twenty-four hours until a favourable response is forthcoming. 
Treatment with bacteriophage is of doubtful value. 

Chemotherapy. Sulphanilamidc group of drugs has a definite 
place in the treatment of bacillary dysentery. After their advent, 
serum therapy has receded to the background. The sulpha 
compounds should be given in large doses. Sulphaguanidine, 
sulphathiozol and sulphadiazine are the compounds usually 
employed. 

Summer Diarrhoea 

Summer diarrhoea is a dysentcry-Hke illness occurring in 
children during the summer and early autumn months. It may 
occur sporadically and in epidemic form. Its incidence is much 
less in breast-fed children than in artificially fed children. 
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the isDblion of the typhoid tecSto. Tie wucos portion f™ , 
faeces IS directly plaied on a selective solid -medium, MacCmh 
or preferably t>,E,c. After fweaty-four hours of ineubaiion i 
non-laetose-fennenters are isolated and studied with reference 
the morphological and biochemical reactions. The hnai rec 
gnition of the type is established by the 3 g§}uimim h 
employing the specific sera which are available against all il 
typei. ’IV’hcn the Flexncr type is suspStted, a polyvalent serm 
sftoidcf 6e used as tfiere are many serological races in it. WTie 
testing for Sonne's bacillos, fneshly isolated culture should t 
employed because the organism undergoes divociation raphilj 
The Schmitz type can be identified by employing the homologoy 
serum. 

Aggluttoation test with the* patient’s serum has only a verj 
limited value. Agglutinins appear five to seven days after 
onset of the disease, but diagnosis would have been made by ft }2 
time by the cultural method. The procedure for the test is tht 
same as in the Widal reaction i but it should be Temembsitd that 
dysentery bacilli, being non^motite, contain only the 0 antigens. 
In testing ibr the Flexner group, standard suipeuAions of a)) types 
should be employed and for Sonne’s type, a freshly isolated 
strain. 

When interpreting results, the possible presence of n.sttnal 
agglutiarns to the dysenteiy bac/Wi and the development of group 
agglutinins in the patient’s blood should both be kept in iniad* 
The thre of natural ag^utimns raries in different places. U 
may be 1 ; 20 against Shiga’s bacillus, 1 : 100 against the Fletncr 
type and 1 : 50 against Sac/, sonncl Again, Bact. shigae stimulates 
the foraiation of a high titre- of anti-Flexner agglutinms in tht 
patient's Wood, whereas the opposite seldom occurs. I/ifectioo 
with the typhoid bacillus is also sometimes found to stimulate the 
ptoduction of agglutin/ns agaiust the FJexner group. The following 
minimum litres, therefore, may be taken as diagnostic: 1:W 
acainst the Shiga antigen, 1 : 150 against the Flexner group n 
the absence of agglutinins against the Shiga and (he typhoid 
bacilU and I ; 100 against Sonoe's baciHus. Generally, agglutinins 
in dysentery snzy completely disappear in three months. Some- 
times they persist, especially in carriers. ^ ^ 

The isolation of the infecting organism Trom camera u \ery 
d’fficuU fftvetna fluid or, beiier.still. scrapings from ulcers taken 
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VIBRIO AND SmiLLDM 

Vibrios are short, curved, rigid rods motile by means of a 
single (or rarely two or three) polar fiagellum. They are aerobic 
and facultatively anaerobic and usually Gram-negative. Several 
species have been described, some of which ate pathogenic to man, 
animals or birds. 

Of the many species that constitute the genus Vibrio, only 
one IS pathogenic to man. It is the causative organism of cholera 
discovered by Koch and variously known as Vibrio cholerae. 
Spirillum choleras and Vibrio comma. In connection with the 
search for the causative agent of cholera, several closely resembling 
species have been described by other workers in the intestine of 
man, in water and other situations. As they differ immunologically 
from V, cholerae and as their causal relationship to cholera is 
doubtful, they have been placed together under the name Para- 
cholera group. The El Tor strains, first isolated at the quarantine 
station at Tor on the Red Sea coast, also come under this group. 
Another species often encountered in the intestinal contents in 
■cholera nostras and cholera infantum is Vibrio proteust described 
by Finkler and Prior. Several other vibrios pathogenic to 
animals but not to man have been identified, for example Vibrio 
metchnikovi and Vibrio fetus. Many more saprophytic and free 
living species have been found occurring in water, manure, infu- 
sions, carious tooth and other situations. 

V. cholerae, commonly called the cholera bacillus or the 
comma bacillus of cholera, was discovered by Robert Koch in 
18S4 during his investigation into the aetiology of cholera in 
Calcutta and Egypt 

Ecology. The organism is found in the intestinal contents 
of patients and carriers and for a very 'short time in water and 
soil contaminated with their excreta. There is no proof for the 
sugge3tion,(d'Herelle) that the non-agglutinating vibrios found 
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Children of the poorer classes suffer more. A close relationship 
between the prevalence of flies and the incidence of summer 
diarrhoea has been shown to exist; that accounts to some extent 
the seasonal incidence. Besides, the hot season also favours the 
rapid multiplication of bacteria in food and milk. 

Its aetiology is not definitely known. It is not unlikely that 
many of these cases are due to wfecihn with org3ni'>as of the 
dysentery group. But it is also likely that other organisms arc 
also responsible for its causation. Different organisms, such as 
Sact. flexneri, Bact. soimeu Prof, morgam, the paratjphoid bacilli, 
Ps. pyecyanea, streptococci and Cl welchii, have all been reported 
as causative from different countries. 

Examination of the stools is the most valuable procedure in 
establishing the cause. Prevention is by adopting those general 
prophylactic mcnsures etnpioyed against the incidence and spread 
of dysentery. Special care should be paid in the feedirtg of 
children. The control of flics should receive particular attection. 
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VIBRIO AND SPIRILLUM 

Vibrios are short, curved, rigid rods motile by means of a 
single (or rarely two or three) polar flagellum. They are aerobic 
and facultatively anaerobic and usually Gram»negative. Several 
spedes have been described, some of which are pathogenic to mao, 
animals or birds. 

Of the many species that constitute the genus Vibrio, only 
one is pathogenic to man. It is the causative organism of cholera 
discovered by Koch and variously known as Vibrio choJerae, 
Spirillum choUrae and Vibrio comma. In connection with the 
search for the causative agent of cholera, several closely resembling 
species have been described by other workers in the intestine of 
mao, in water and other situations. As they differ immunologically 
from V. choleras and as their cau»l relationship to cholera is 
doubtful, they have been placed together under the name Paro’ 
cholera group. The El Tor strains, first isolated at the quarantine 
station at Tor on the Red Sea coast, also come under this group. 
Another species often encountered in the intestinal contents in 
•cholera nostras and cholera infantum is Vibrio proteus, described 
by Finkler and Prior. Several other vibrios pathogenic to 
animals but not to man have been identified, for example Vibrio 
meichnikoyi and Vibrio fetus. Many more saprophytic and free 
living species bave.been found occurring in water, manure, infu- 
sions, carious tooth and other situations. 

V. cholcrae, commonly called the_ cholera bacillus or the 
comma bacillus of cholera, was discovered by Robert Koch in 
1884 during his investigation into the aetiology >of cholera in 
Calcutta and Egypt. 

Ecology. The organism is found in the intestinal contents 
of patients and carriers and for a veiy short time in water and 
soil contaminated with their excreta. There is no proof for the 
.suggestion (d’Herelle) that the non-agglutinating vibrios found 
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in tte tanks and Wells in the endemie areas are degenerate s; 
phytic variants of the true comma bacillus 

Morpholo^ and Staining. The cholera vibrios are sfa 
slightly bent, ngid rods from I -S-l -0 microns long and 04 
micron broad, often resembling a comma. The ends are roni 
or^ slightly pointed. The ccl/s are arranged singly, in S sbi 
pairs or short spiral chains. Smears from infeslinal coat 
display the characterfstjc shape and arrangement like sboal 
fish in a stream. In culture they may be very short and i 
soon lose the typical bent shape. Involution forms too are ^ 


common. The' cholera bacillus is very actively motile by me 
of a single short terminal flagellum, executing a darting 
scintillating type of motility. It neither develops a spore no 
definite capsule. The organism is readily stained by the ordin, 
coabtar dyes; it is Gram-negative and non-acid-fast ' Dili 
carboi fuchsia is the stain of choice. 


Growth Reguii'cments. The cholera vibrio is strongly swol 
and therefore a thick surface growth on liquid media is a coi 
fflon feature. It is also /aculfatively anaerobic, but groMh 
poor in the absence of oxygen. The optimum temperature f 
growth is 37” C with a range of 14”-42”C. The orgamn 
tolerates a high pH, up to 9 '6, whereas even slight aridity, 
injurious to its growth. The reason why a healthy stomach « 
powerful protection is therefore apparent. 

V, cholerae grows readily in all media. As mentioned abovt 
3 Strong alkaline reaction, up to pH 9 '6, favours grotnh 
pnnham’s peptone wafer, adjusted to a pH of 8 '4, is a suitabh 
medium and in this growth takes place in six to eight hours. Tlx 
employment of a high alkaline medium is. therefore, the usual 
method for the isolation of the cholera barilius. In such a medluni 
the colon bacillus and other inlesiinal associates either do not 
grow at all or take a much longer time to grow. Dieodonne's 
alkaline blood agar, the D.E.C. medium and Aronson's raediiufl 
are the selective solid media in common use fp. 10'^. 

Cultural Characters. Onagar plate growth ocevtsin twenty 
four hours as round, low convex, transJuscent, smooth, 
clistcning colonies wrth entire edge and about the size of tbe 
colomes of typhoid bacidus (g.v.). The colonies arc soH and 
^sily cmulsifiabic. -A frequent'fcature is the occurrence of a 
' jx^ type of colony in which one part is white and Opaque, while 
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the rest is of the usual clear type. A gelatin slab culture shows a 
streak of growth along the needle track after twenty-four hours, 
which is soon followed by liquefaction. The organism grows 
luxuriantly in broth, producing moderate turbidity, thick surface 
pellicle and slight flocculent deposit 

Biochemical Activity. The organism ferments glucose, 
saccharose, maltose, mannite and mannose with the production 
of acid without gas. It does not attack lactose, dulcite and 
arabinose. After a number of days lactose may be fermented. 
The production of acid in saccharose and mannose and the non- 
production of it in arabinose differentiate V. chojerae from most 
of the paracholera strains. Litmus milk is rendered alkaline at 
the top and acid at the bottom. It is not coagulated but pepto- 
nised. Indole is produced and nitrates are reduced to nitrites. 
The cholera-red reaction is due to the presence of both indole 
and nitrites. The addition of a few drops of concentrated sulphu- 
ric or hydrochloric acid to a twenty-four- to forty-eight-hour old 
culture in peptone water causes the development of a rose pink 
colour due to the formation of nltroso-indole. This is a constant 
character of y. cholerae. But it is not peculiar to the cholera 
-vibrio: any organism that reduces nitrates to nitrites as well as 
forms indole will give this reaction; many other vibrios too give 
a positive reaction. 

The organism liqueSes coagulated serum and gelatin. It 
produces ammonia and hydrogen sulphide. A yellowish brown 
pigment is elaborated in two or three days when grown on potato 
slopes rendered alkaline. No haeroolysin is formed, a point of 
■difference from the El Tor type. 

Resistance. The cholera vibrio does not display great 
resistance to the various adverse influences. Heal at 55® C. kills 
it in ten to fifteen minutes. Drjung destroys it in two or three 
hours. The organism may survive in clean water up to sixteen 
<Jays but in cesspool perishes in twenty-four hours. It keeps 
alive for some days at freezing temperature and because of this 
the indiscriminate use of ice during epidemics is risky. The 
organism may also keep alive for several days on fresh vegetables, 
fruits and moist linen. It is rapidly destroyed by chemical disin- 
fectants. , • ' . 

Antigenic Structure. All .the known vibrios are placed 
•under two groups, A and B. Group A contains the cholera and 
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eSoicra.«ire vibrios md Croup B all the rest. Beiog Male 
organism, the viteos possess both H and O anfigens. As (her 
are often monoflagellale, the H antigen is not so pronoimceii as 
in the Sa/monellas, nor is if so significant. It is non-specificasd 
common to ail the cholera and choIcra-Iike vibrios. On the basis 
01 the somaik^ antigea^ the Group A vibrios ar^ ciassified icio 
Six imrnunolDgical subgroups, each containing a separate 0 aati* 
gen (Gardner and Venfcataraman). Subgroup ) contains the 
cbojera 'vibrhs and some Ei Tor strains. Subgroups II to VI 
contain all the chofera'Iike vibrios, including most of tfaepara- 
cholera group. The somatic antigen the cholera vibrios con- 
tains at least three complex polysaccharides Tvhicb are prohabiy 
responsible for spedfidiy. Besides the major 0 antigen^ common 
(q the species, minor O antigens appear to be present in tbesemUs 
complex of K cfiaferae and on the basis of this three subgroups 
have been defined. Two of these correspond to the jaaba aa^ 
Ogawa strains mentioned below. According to this scheme, then- 
Oaecy V. chokrac has a non-specific H antigen, a major sperific 0 
antigen and at least two minor O antigens. The major 0 aoftgca 
is common to aii stm/ns of y. choJerae and also to some Ei its 
strains. In addition to (hes^ a non-specific protein constituefit, 
common to all choIera-Jikc vibrios, has also been described. The 
report on the antigenic structure of the El Tor vibrios ishov^ever 
conJTicting. Kecent work in this coucuy would seem to indicate 
that antigenicaWy these orgaoisms are somewhat different fmra 
the true cholera vibrios (Taylor and others). 

On the basis of cross reaction, earlier workers had defined 
three types of K cAo/eru^, the Snaba, Ogawa and HiJeojima. all 
capable of causing cholera. Of these, the Jnaba is the most and 
Hikoiiaia the least common Id this country, the Inaba is 

the most prevalent type, 

VariatCotts The viruiencc of the cholera bacillus is rapJoJy 
lost by subenUwe. In artificial culture the 5-R variation may 
readily occur. It may be hastened under the influence of bac' 
teriophage, tithium chloride and other agents. T^c usual train i 
of correlated changes, including changes in the antigenic structure . 
nod loss of virulcflcc, accompanies dissodalion fp. 345). ’ ’> 

Toxin ProductiDn. r. ckokrcue produces no soluble toxin. • 
Rut old broth cultures are powwivsKy toxic. It is due to the ; 
’^dotoxi>‘ derived from the dead and disintegrated bacterial body. 
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This toxic factor accounts for the profound toxaemia and collapse 
characteristic of cholera. It has been reported that when it is 
administered intravenously, the endotoxin produces in experi- 
mental animals diarrhoea and pathological lesions in the intestines 
and kidneys, which are not unlike those produced in cholera. 

Pathogenicity. V. cholerae causes cholera in man. Its 
aetiological relation to cholera has been proved by the results of 
laboratory accidents as well as of a deliberate experiment. 
Challenging the validity of Koch’s claim, Pettenkofer and 
Emmerich swallowed some broth culture of the organism isolated 
by Koch. The former developed a mild and the latter a serious 
attack of cholera, showing plenty of cholera vibrios in their stools, 
thus satisfying Koch's postulates. Also, there have been many 
instances of accidental laboratory infection followed by disease, 
passing plenty of V. cholerae in their stools. 

Only man is naturally infected. Experimentally, cholera can 
be reproduced by feeding very young rabbits, But in older 
rabbits, guinea-pigs, mice and monkeys the organism fails 'to 
produce any barm when given by mouth. The gastric juice may 
be acting as an effective barrier. ' The intraperitoneal inoculation 
in these animals is followed by haemorrhagic peritonitis, septi* 
caemia and death in one or two days. 

Cholera. India was the home of cholera from ancient times 
and from here several pandemics had spread to the outside world. 
The first recorded instance was in 1817 when it invaded several 
countries in Asia. There were several pandemics after this. The 
second pandemic, 1826-37, spread not only to Asia but also to 
Europe by 1832 and even to distant America, causing several 
thousands of death. It was during the fifth pandemic, 1883-96, 
that Koch discovered the causal agent of the disease. At the 
present time, in addition to India, cholera is endemic in many 
other countries, such as Sooth China, Persia, Arabia, South East 
Russia and the West Indies. In India the endemic centres are 
Lower Bengal (the delta of the Ganges) and Assam, north- 
eastern part of the United Provinces, Puri in Orissa and South 
East Madras. In these places cholera always exists and year 
after year breaks out into epidemics of varying severity during 
certain parts of the year. The disease when it occurs in non- 
endemic areas is imported and the infection dies out after the 
epidemic. 
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Chofcra IS most prevalent during the hot weather and nndei 
famine conditions. Pandemics and epidemics follow ihe trade 


routes and similar modes of human intercourse, large coogre- 


gations of people, as m fairs and festivals, form the ideal condition 
for the propagation of the disease. With the speeding up of 
tranjjort facilities, the spread of epidemics has also been tendered 
rapid. A study of these conditions gives valuable data to forecast 
the occurrence of epidemfes two to three iaoafhs is advance. 

The source of infection is the acute case or the convalescent 
carrier and the infectious materia! is their excreta and vojBit. 
Cholera is mainly a watcr-bome infection. The survival period 
of the cholera vibrios in water has been found to be five days 
with rare instances of obtaining a positive culture up to sixtccfl 
days (Taylor). Food, milk, vegetables and fruits may also sene 
as vehicles. Pollution of water takes place by the careless dis- 
posal of the infectious material — nightsoil or vomit. Food acd 
other articles of diet may receive infection through the infected 
hand either of a person attending on a case or of a carrier 
of unhygienic personal habits, thus completing the faeces-baod* 
food chain. Flies also may transmit infection to food. 

Carriers. The balance of evidence is against the wistMce 
of chronic cholera carriers. Investigations conducted in this 
country show that convalescent carriers usually become free of 
the specific vibrio by the end of five days with a maximum of 13 
days. The healthy or contact carriers excrete the comma bacillus 
in their stools. Their number is small in the beginning of an 
epidemic but in the course of it may increase to fi-8 per cent, of 
the total population of the locality. K cholerae has been isolated 
from their stools up to five days and very rarely up to nine days 
from onset of the first conoected case (Taylor). The conUct 
carrier himself may develop the disease very rarely, but his im- 
portance is in the dissemination of infection and the starting of 
fresh epidemics in new areas. ^ ' 

Cholera a/Tects the lower half of the small intestine. The 
organism multiplies in the lumen of the gut. They are found in 
the lumen of the glands, in between the epithelial cells and even m 
the basement membrane, but not beyond. It has been reported 
♦hit the organism may invade the gall-bladder on its passage down 
trt the intestine. This seems very doubtful. Blood infection does 
ir. In cholera there is tto attempt at inSairunatsoo, Dae 


not occur. 
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to the extremely toxic nature of the endotoxin, there is severe 
irritation, formation of copious mucus and denudation of the 
epithelial coating. These form the flakes in the characteristic 
rice water stool which is highly alkaline in reaction. The fun- 
ctions of the liver and kidney are profoundly depressed. Profuse 
diarrhoea, vomiting, marked dehydration, suppression of urine, 
cramps and toxaemia are the characteristic features. 

The mortality rate in cholera is very high, varying from 30-80 
per cent, in different epidemics and in different years. The yearly 
death rate in British India including Burma from 1877-1936 has 
been estimated. It has ranged between 3-7 per thousand of th« 
population in 1900 and 0*2 per thousand in 1932. 

Immunity, All people who are exposed to infection and 
swallow the cholera germ do not develop the disease. Whether 
natural resistance to K cholerae has anything to do with it, is not 
clear. The efficiency of the gastric secretion, which readily kills 
the comma bacillus, may have a potent influence in determining 
infection. 

Laboratory animals, actively immunised with the cholera 
vibrio, yield highly potent immune sera. Such sera contain 
specific antibacterial aotiboales, such as agglutinins and bacterio- 
lysins. Their role in protection is not clear. The agglutination 
test is specific and it has now replaced Pfeiffer’s test in diagnosis 
as well as in the final identification of the cholera bacillus (p. 28^). 
Standard sera for the agglutination test are prepared against the 
specific O antigen. As mentioned in a foregoing paragraph, the 
H agglutinins are unimportant and non-specific. In chalera the 
agglutination test is not of much diagnostic utility due to the short 
duration of the disease and the rather late appearance of these' 
antibodies. 

It is said that recovery from an attack of cholera protects 
against subsequent attacks. The immunity conferred is anti- 
bacterial. Regarding the duraUoo of this immunity or its exact 
nature nothing definite is known. From the effects of vaccina- 
tion and from other limited observations, we may surmise that it 
may not last more than'a year or two. 

Diagnosis. The laboratory diagnosis of cholera is relatively 
easy. The isolation of V. cholerae Uam materials obtained from 
the patient followed by its Identification is the surest method. 
Motion, vomit and rectal swab from patients and after death 
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Cholera is most prevalent during the hot weather and radei 
famtne cond.uons. Pandemics and epidemics fuBow the trad, 
routes and simiiar inodes of human intercourse. Large conm. 
gallons of people, as in fairs andfcstivals, form theideal condition 
for the propagation of the disease. With the speeding up of 
transport facilities, the spread of epidemics has aJso been rendered 
rapid. A study of these conditions gives valuable data to forecast 
the occurrence of epidemics two to three months in advance. 

The source of infection is the acute case or the convalescent 
carrier and the infectious materia! is their excreta and vomit. 
Cholera is mainly a water-borne infection. The survival period 
of the cholera vibrios in water has been found to be five days 
with rare instances of obtaining a positive culture up to sixteen 
days (Taylor). Food, milk, vegetables and fruits may also serve 
as vehicles. Pollution of water takes place by the careless dis- 
posal of the infectious material— nightsoil or vomit. Food and 
other articles of diet may receive infection through the iofteted 
hand either of a person atteodiog on a case or of a carrier 
of unhygienic personal habits, thus completing the faeces-band* 
food chain. Fites also may transmit infection to food. 

Carriers. The balance of evidence is against the existence 
of chronic cholera carriers. Investigations conducted in ibis 
country show that convalescent carriers usually become free of 
the specific vibrio by the end of five days with a maximum of 13 
days. The healthy or contact carriers excrete the comma bacillus 
in their stools. Their number is small in the beginning of an 
epidemic but in the course of it may increase to 6-8 per cent of 
the total population of the JocaJhy, K ckohrae has been isoJalcd 
from their stools up to five days and very rarely up to niue days 
from onset of the first connected case (Taylor). The contact 
carrier himself may develop the disease very rarely, but bis im' 
portance is in the dissemination of infection and the starting of 
fresh epidemics in new areas. 

Cholera affects the lower half of the small intestine. The 
orcanism multiplies in the lumen of the gut. They are found In 
the lumen of the glands, m between the epithelial cells and even m 

the basement membrane, but not beyond. It has been reported 
tne Oiibw _ j_ .t. fi 


that the organism may invade 


tn^the intestine. This seems very doubtful. Blood infection does 
totheint ^ ^ ^ , I,.,, fe attemol at inflammation. Doe 
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of the inoculum is mixed with a correspondingly large quantity 
of the alkaline peptone water and incubated. After six hours, 
a few cubic centimetres of the culture is removed from the surface 
into fresh peptone water, repeating this procedure, if necessary, two 
or three times. Then, any vibrio that may be present is isolated, 
as mentioned above, and identified. The confirmatory test should 
be more rigid in this case and should also include pathogenicity 
tests on mice or guinea-pigs. Some people even regard it necessary 
to find out, when a vibrio is non-agglutinating, if it cannot be 
converted into an agglutinating one by serial passage through the 
mouse or guinea-pig. ' 

Serological tests may be of some value in the detection of 
carriers. They may have agglutinins and lysins in their blood. 
A positive agglutination reaction in a litre of 1 ; 100 is significant. 

Prophylaxis. Protective measures against cholera should be 
taken well before the expected outbreak of an epidemic. They 
include general measures aimed at the collective protection of 
the community and the specific protection of the individual by 
cholera vaccination. 

Vigilant care should be taken against the introduction of 
a ease into a locality. Any suspected case should be immediately 
put under rigid quarantine. Other measures are the early detection 
and diagnosis of the first case, thorough sterilisation of excreta 
and other infected materials, protection of water supply, prote- 
ction of food and insistence on efficient cooking of all articles for 
consumption during epidemics. Bacteriophage, cholerapbage, as 
a general prophylactic has been employed. The addition of it 
into all sources of drinking water at the outset of an epidemic is 
the method. Its effect has neither been proved nor disproved 
beyond doubt. 

First Ferran and later Haffkine employed live attenuated 
cultures for specific immunisation. It was soon discarded due 
to the occurrence of large number of deaths. A heat-killed 
vaccine was subsequently used by Kolle and later Haffkine. The 
vaccine is now prepared by heating a saline suspension at 55* C. 
for one hour. Two doses at intervals of 7-10 days are given. 
The first dose contains 4,000 million and the second 8,000 million 
vibrios. It may cause some local and' general reaction. The 
immunity developed lasts probably for a year or two. The hcat- 
killed vaccine is now being replaced by a phenol-killed vaccine 
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« TvSL'T of ft= pt ar. 

Vibrios showing the characteristic motility and shape may be 
een in large numbers in a wet preparation. Few Qjitheb'al ctlh 
may be present, hut pus cells are conspicuously absent Eraanai- 
tion of a thm smear, made preferably from a flake of mucus ud 
stained with dilute carboJ fvcbs% wouM confirm the aho^e 
findings. In the stained smear the morphology is better mdt 
out than in the wet preparation and often there is in the fortcer 
the fish' against the current ** arrangement of the badfli. 

For culture the material is inoculated into a tube of peptoce 
Water ofpH 8*4 and also on a Dieudonne’s, Aronson’s, orD.EC. 
plate. The alkaline peptone water serves as an cnrichmcnitDediuifl 
and in itprowtb occurs on the surface in six ,lo eight houtr. la 
order to save time, from the surface growth transplant Is made into 
a fresh plate. By next day discrete colonies would have grown on 
all the plates. After confinnation by colony appearance and stcear 
examination, subcultures arc made from a few likely colonki 
into as many peptone water tubes. At this stage a slide aijlutins* 
tion may also be done with emulsion made from the colonies oa 
the plate and the specific test scrum, preferably monospecific. 
By this procedure a provisional diagnosis can he given in abort 
twenty-four hours and in clinicaHy typical cases during cpfdeaito 
this is sufficient. The isolated pure cultures are further studied 
morphologically and biochemically. Tfac final identificatwa, 
however, is made by the specific agglutination test with the 
homologous O serum. This test is confirmatory and has cow 
replaced the bacterioJysin test of Pfeiffer which used to be the 
official test prior to the dci’clopment of the specific agglutination 


test. . 

The agglutination test with the patient’s scrum is cot of 
practical help in the diagnosis of cholera, as agglutinins develop 
only after five or six days of the onset of disease by which time tie 
patient is either dead or well on the road to recovery. 

The examination of carriers, water and milk for the pre- 
sence of y. choleras is unusually difficult in contrast to that of 
acute cases, n is due to the fewness of the bacilli present 
in ths specimen as well as Jo the piesencc of sapropJyjic vibnM 
stanlalins tie Ime cholera vibrio. To £ct over the difficnliy, 
Z enrietoent me!l>o<i is to be followed. In th.s n laree amoanl 
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Other pathogenic Vibrios. Several species are known to he 
pathogenic to animals/ birds and fish. V. meic/tnikovi was first 
isolated from a cholera-like disease in fowls. It closely resembles 
K cholerae morphologically and biochemically. But in its capa- 
city to coagulate milk, high virulence for guinea-pigs and fowls, 
extreme invasiveness and m serology, it differs from the cholera 
bacillus. V. fetus causes infectious abortion in sheep and cattle. 
It is rather difficult to cultivate this organism. It is biochemically 
inert and has no pathogenicity for guinea-pigs. 

SPIRILLUM 

, Spirilla are rigid spiral rods .with a varying number of pre- 
formed cods. They are usually moule by means of a tuft of 
flagella occurring at one or both poles. They differ from the 
spirochactes in that the latter have loose flexible coils which may 
straighten out after death. They ate generally Gram-positivc. They 
are found in water and putrid infusions. The only species of medical 
interest is SpirUlum minus, the causal organism of rat-bite fever. 

Spirillum Minus. Sp. minus was flrst discovered in man by 
Futaki and co-workers m 1516. It is present in the blood and 
tissues of the patient. It is also a natural parasite of rats which 
act as healthy reservoir hosts. Rat-bite fever has been repotted 
from many parts of the world. It appears to be common in 
Japan, The disease is not very uncommon in this country. 

Morphology, The organism is short, thick with tapering 
ends. It is 2-5 microns long and shows 2-3 coils. Longer forms 
may be encountered, up to 5 microns with as many spirals. The 
structure of the organism is rigid and the coils are permanent. 
Sp. minus is very rapidly motile by means of one or more flagella 
at one or both ends. It is readily stained by the Romanowsky 
stains. It has not been cultivated. 

Pathogenicity. The parasite caus« a relapsing type of fever 
in man, sometimes lasting up to a year. Man gets the infection 
through the bite of infected rat. About 3 per cent, of rats have 
been found to be carriers. Very rarely the bite of cats and ferrets 
also may transmit the infection to man. Sp. minus is not present 
in the saliva of infected rats. Very likely it is present in the tissue 
about the nose and gums (Knowles). 

Guinea-pigs and mice are susceptible. Other organisms, 
one of which is an actinomyces, have also been incriminated as 
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Sr be superior to the forma. , u iMsmtttodii, 
sWDcnsi^ m ^ ’ Pssuerrt. phenol loasalitt 

pplicatjon of heat. The concentration of phenol is thee reduced 
. ‘^^‘^“^®®^^«J«hisationisBs/n thecaseoftie 
cat-hlled vaccine. BiJivaccine by mouth, though favoura% 
repo^d on, IS not as efficient as the hcat-killcd vaccine (p. 453). 

Therapy,^ An antibacterial serum prepared from the horse 
nas been tried with disappointing resuits. Cbokrspbsge has 
been used as a therapeutic agent. Drachm doses arc given every 
thirty minutes till the condition improves (De and Cbatterjee). 
In choJem this powerful lytic ageot is found in the iofesthre, 
especially towards the end of the disease and during convales- 
cence. The natural termination of the disease has been sug- 
gested to be due to the destructive action of phage on K cholerot. 

The sulphonamidc group of drugs has been r^erted vpoa 
favourably in the treatment of cholera both from this country end 
China. But these results have yet to be confinned by more extensive 
and properly controlled field and laboratory irivestigatloas. 

The ramcholera Group. Vibrios closely resembling the true 
cholera bacillus sometimes occur in mild cholera-like epidemics 
and in sporadic cases. Similar organisms are also fiegutnUy 
found in the stools of proved cholera cases. Natural ^•at«rs> 
both in the endemic and epidemic areas, likewise show the pre- 
sence of such organisms. They are not agglutinable by the spe- 
cific O serum of K, choleroe. Their causal relationship Hi/h 
cUaical cholera has not been proved. Their biological relation- 
ship with the cholera vibrio has also not been fully investigated. 
Recent work in this country would tend to show that they are 
not cboleragenjc and that ibelr presence in the stools of cholera 
Of cholera-like cases is only a reflection of their presence in water 
and other externa! sources, which is all too frequent in the tropics. 
Many of the members included in the paracbolera group, for 
example the El Tor type, produce a soluble baemolysia which 
sharply differentiates them from the true cholera vibrios. The 


nafacholera vibrios are not serologically homogeneous but arc 
^ . j each with a distinct 0 


composed of several serological races, 
antigen They seem to have a common H antigen among them- 
selvw and with r. but their O antigen is different from’ 

of the latter. 


CHAPTER XXII 


PROTEUS AND PSEUDOMONAS 

The Proteus organisms arc characterised hy a high degree 
-of.pleomorphism, hence the name. They also possess very active 
proteolytic properties and exhibit the tendency to spread rapidly 
on moist solid media. They ate actively motile with peritrichate 
flagella. Lactose is not fermented, but many other sugars, such 
as glucose and saccharose, are fcnnented with gas production. 
The discovery of certain types, designated X strains, is of great 
interest because of their serological affinity with J?/cfcc/ria. About 
eight species on the whole have been described. Proteus vulgaris 
is the type species. Morgan’s bacillus (No. 1) is included in this 
genus. 

• 1 These organisms are usually found in putrefying animal and 
vegetable matter, faeces, sewage and soil. Their frequent pre- 
sence in the infected wounds is thus easily explainable. ' 

Morphology and Staining. These bacilli ate highly pleo- 
morphic, straight or curved rods, l*O-3-0 by O-S-LO micron, 
with rounded ends; arranged singly, in pairs and frequently in 
long chains; actively motile with peniricbate flagella; not 
sporing, usually not capsulated; Gram-negative. 

Growth Requirements. They are aerobic and also possess the 
faculty of growing in the absence of oxygen. The optimum 
temperature is low, 25® C., but they grow well at 37° C. Their 
nutritional requirements arc simple and the bacilli grow luxu- 
riantly on all laboratory media. 

OUtural Characteristics. On solid media, like agar, a 
spreading type of growth is obtained. The phenomenon is 
referred to as “ swarming It is more pronounced if the medium 
is moist ; the rapidly spreading sheet of growth is very thin and 
can scarcely be made out from the medium. It is probably due 
to the active motility of the organism. Owing to the swarming 
nature of Proteus, the isolation of other organisms from a mixture 
containing it is unusually difficult. On blood agar the beta type 
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(he cause of ra(-6ite fever. This is probaWi’ based on stmhii 
infections that commoniy occur through the primary wourf 
(p. TOT). 

Through bite the organism is deposited by the rat Wo tit 
tvoand. Usualiy the wound soort heals leaving a scar. At tie 
end of 15 or 20 days, fever starts with the breaking out of lie 
scar into a painful discharging ulcer. This is associated s.itfl 
inflammation of the lymphatics draining the area, infimmtieu 
and enlargement of the focal lymph glands and often s 
eruptions. The fever is of a relapsing type, lasting for atom 
three days and recurring after another three or four days. « 
may go oa for three or four months or even up to a year, m 
organism is chiefly a tissue parasite, but it also circulatB m 
blood during the pyrodal period. At the commencemeal of lie 
spyrexia! interval it filters off again into the 

Diagnosis. The laboratory ffngnosjs of ral-bite f”'' 
upon the finding of the organism in the ^trials ia 

or juice aspirated from the focal glands, ■njouei 

positive cases show the organism in fairly large 
present in the peripheral 

r"»“ S.W •' - " 

more successfut. c.itews At the heigW of 

Animal inoculation “/^nt aV^meeted inW- 

fever about 2c.c. of Wood „ mouse, fieti 

peritoneally either iWti a y 'develops the disease 

animals are susceptible. ^ days. The parasite rs 

after an d in fairly goni^ number. Th' 

present ia ibe , ^progressive febrile disease wi* 

iafeeted guinea-pig develops a prog 

dies in four or five and guinea-pigs are 

It should be '■'““‘’“ftSSieoehaetes; this is a sour« of 

P^"XuM'"ded against when doing the animal 
inoculation test. .tycaltmat. For preveniion avoid rat hd^ 

pe cirecl'vc. 
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Pathogenicity and Toxin Production. No soluble toxin is 
elaborated by any member of this genus. 

Proteus possesses feeble pathogenic properties. Alone or 
in association with other pathogens, it is found in otitis media, 
cystitis, pyelitis and other suppurative and septic lesions. It is 
often a cause of intractable cystitis. It has been incriminated 
as one of the organisms causing infantile diarrhoea and food 
poisoning. Proteus is of variable virulence to laboratory ani- 
mals. Some strains arc very virulent and cause on intraperi- 
toneal inoculation death in a few hours, presumably from 
toxaemia. 

Diagnosis. The organism is isolated and identified by its 
general properties. The presence of it in materials causes consi- 
derable trouble in the isolation of pyogenic cocci from them 
(p. 387). 

Treatment. A heat-killed vaccine is found useful in chronic 
conditions due to Proteus. 

Proteus Morgan!. This bacillus was first isolated in 1906 by 
Morgan from cases of summer diarrhoea. It resembles the 
proteus organism generally but differs in its proteolytic inacti- 
vity. Growth on agar produces bluish white or greyish gliste- 
ning colonies. Swarming occurs at a lower temperature, between 
20®-28® C., on 1 per cent, agar (see above). It has only very 
restricted activity on carbohydrates ; it produces acid and a small 
amount of gas in glucose and rarely acid in xylose; other sugars 
are not attacked. Delayed fermentation of saccharose has been 
reported. Litmus milk remains neutral or becomes alkabne but 
not digested. Indole is formed. Gelatin is not liquefied. 

Morgan’s bacillus is one of the organisms incriminated as 
the cause of summer diarrhoea. Occasionally it is found in the 
stools of dysentery cases. The isolation of it from cases of para- 
typhoid-like fevers has been reported. It may also be present in 
normal faeces. In mice it causes a spontaneous epidemic of 
enteritis. 

PSEUDOMONAS 

The chief generic characteristics are : short, straight rods, 
usually motile by means of polar flagella; non-sporing, non- 
capsulated, usually Gram-negative; inactive on carbohydrates; 
aerobic and facultatively anaerobic; frequently elaborating a 
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of haemolysis occurs. Moderate growth occurs in broth wth 
slight turbidity. Cultures emit a putrefactive odor. 

Biochemical Reactions. Lactose and mannite are ne^er 
fermented ; glucose is always fermented with the productira of 
acid and gas. Action on saccharose, maltose and salicin h 
variable. Most strains produce indole. The action on c^lwsc 
and saccharose and the production of indole are useful in the 
classification of the several members of the genus. Lttous 
is rendered alkaline after a slight initial acidity and is usa^y 
peptonised slowly with or without preliminary clotting, Ths 
methyl red test is usually positive and the Voges-Proskau 
reaction negative. Nitrates are reduced; 
formed. Proteus exhibits marled proteolytic properties, I 
is rapidly liquefied and urea is decomposed with 
ammonia. A hacmolysin is formed, octiog on ^ 

ResLsianee. They are equaliy sensrUve to 
as other vegetative bacteria . Cultures remam viable over I 
periods. The group is insensitive to 

Antigenic Structure. Proreur rs a j o 

group, in the motile state, all species conmm bmh H ^ 
antigens, but the non-motile strains have, of course, oay 

O antigen. y « apBlutinatcd by 

Type X 19 and to a less diutions (up to 

sera from typhus patients, the former ■ T ® ,jp!,as 

1:50,0)0). Their original from V 

patients may have been only j. ,),5 lest is quite 

Sisms are not causally relate to ,ys disea« 

reliable and extensively os yVeU-Felix reaction. This 

(tee under Jiicketisal > ^ ,o me presence of a 

apparently .pese proteus bacilli and to 

common antigenic fraction ' jeiyispfobablypolyssccha- 

pathogenicrickeltsiaitbecommonmomO 

ride in nature. The X 19 ana indole is fonned. 

maltose and salicin. Pf^"“^tither Snibers of tbe group. 

"diagnosis^ fonn mdolc. 

maltose and salicin. 
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including Ps. fiuorescens. Pyocyanin is the first instance found of 
a phenazine derivative occurring naturally. The organism pro- 
duces an antibiotic substance, called pjocj’cnose.-which is lytic 
to many other bacteria, such as the anthrax bacillus, staphylo- 
coccus and streptococcus ; this substance is Hpoidal in nature. It 
would appear that pyocyanin also possesses antibiotic properties. 
Ps. pyocyanea also s'ynthesises a hacmolysin. 

Resistance. Heat at 55® C. destroys it in one hour. It is 
insensitive to penicillin. Cultures will keep alive for several 
months at the laboratory temperature. 

Pathogenicity and Toxin Production. No exotoxin is pro- 
duced. The organism is only feebly pathogenic. It is con- 
stantly found in open Wounds and discharging sinuses and it is 
probable that its role in most of these is only that of a secondary 
invader. Ps. pyocyanea may also cause primary infection, parti- 
cularly in persons with impaired vitality and in young subjects. 
It may cause a highly fatal form of gastro-ententis in infants 
and children. Rarely it may invade the blood stream and a 
fatal form of septicaemia has been reported by several observers. 
It is frequently found in suppurative conditions, like peritonitis, 
mastoiditis, sinusitis and in suppurative lesions of the urinary 
tract; in these it is sometimes the sole organism present, but 
at other times it is associated with other pyogenic bacteria. A‘ 
chronic form of otitis media and externa is almost always asso-'’ 
dated with it and is very intractable. 

• The guinea-pig is very susceptible and about quarter of a 
cubic centimetre of culture injected intraperitoneally kills it in 
twenty-four hours. Subcutaneous inoculation with dead cultures 
has been found to incite the production of agglutinins. Rabbits 
are less susceptible than guinea-pigs; in both local abscesses 
are produced by the subcutaneous inoculation of small doses 
of live culture. 

Diagnosis. Diagnosis is very easy; the mere cultivation will 
reveal the presence of the organism due to the development of the 
characteristic colour. But the fixation of its pathogenic role is 
exceedingly difficult and should not be undertaken light-heartedly: . 

Ps. fluorescens is a saprophyte commonly present in water 
and soil. It produces only fluorescin. Though’ rarely, it has 
been encountered in certain chronic suppurative conditions like 
otitis media. 



482 


A 'textbook OF BACTERIOIOGV 


water soluble blue; green or'yellow' pigment which dfcs cat 
of (fie bactenal cell. They are widely distributed in fflioie, 
mostly rn R-«er and soil. About thirty species have been so far 
described. Two species are of some medieal interest-fraa*- 


pyaoymea and Psaiiomonps jiuomems. Semsspecksm 
palhogeoic lo chickco, reptihs and caterpillars and others to 
plants. 

Pseudomonas Pyocyanea. Ps. pyocyanea is commonly called 
tbe organism of blue pus. 

Ecology. This organism is a natural denizen of tieintesU'eaJ 


canal of man and animals, water and sewage; it is also found is 
open wounds and sinuses, mixed with other pathogens. 

Morphology and Staining. They are straight rods, 1 *5-3 -0^ 
by 0‘Sp with paraifci sides and rounded tads, arranged singly, 
in pairs and short chains; actively motile, possessing one to feiec 
flagella at one pole, develop neither capsule nor spores. They 
arc easily stained but lose primary stain in the Gram’s method. 

Growth KeqtUreojeois. ITjc organism is an aerobe byt can 
also grow anaerobicaliy. Growth occurs between 12® and 43® C; 
the optimum temperature is 30®-37® C. 

Cultural Characters. Ps. pyocyanea grows rcadfly on sli 
media. On agar colonics arc large, low convex, smooth, sprcadmi. 
greyish with opaque centre and translucent peripbety; esargia 
entire or irregular; bulyrous and easdy croujsifiable. The 
medium is tinged greenish blue. In broth there is iuxonast 
growth with dense turbidity, tbin white surface growth and 
deposit; the medium is coloured greenish blue, later tumsa 
yellowish green and in otd cultures dark green. 

Biochemical Activity. It is practically inert on carbohydrates 
glucose and galactose being the only ones to be fermented witi 
the production of acid, but not gas. Litmus milk is digested; 
iodoie is not produced. Gelatia is rapidly liquefied and hydrogen 
sulphide is pioductd. Ps. pyocyanea manufactures two types of 
pigments t pyocyanin and fiuorescin; the former, greenish blue, 
is soluble in water and chloroform and the latter, fluorescent and 
yellowish green, is soluble in water but not in chloroform, Tb^ 
do not colour their colonies but colour the substrate. They are 
best developed at room tesapecawre and the best medium « 
ptone water. Pyocyanin is elaborated only by Ps. pyacyarea, 

Lt fluorescin is formed by many other species of Pseudomonas, 
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Coltoral Characters. They do not grow well on ordinary 
media. The addition of whey, milk, blood or glucose improves 
growth. But it is never profuse. Lactobacillus gives rise to 
two types of surface colonics: minute, round, opaque, whitish 
and surrounded by a zone of turbid agar ; or minute, irregularly' 
round, greyish, transluscent and with no zone of turbidity. 

Biochemistry. Varying number of sugars are fermented by 
different strains. Practically all strains ferment glucose and 
lactose. Indole is not produced. Most species produce acid^ 
in milk, forming loose clot which does not shrink and 
express whey; the litmus is frequently decolorised. As a rule, 
it is lactic acid that is produced, which may be up to 2*7-3‘7 
per cent. 

Resistance. They are not particularly resistant to the common ■ 
bactericidal agents. Heat at 60“ C destroys them in thirty 
minutes. Unlike other oon-spoting bacteria, they are very 
resistant to acid, hence the names “ aciduric ” and " acidophilic”. 
This property is made use of in their isolation. The material is 
incubated in 0 ■ 5 per cent, acetic acid broth for 1-3 days and then • 
subcultured on 2 per cent, glucose agar. 

No pathogenicity has been attributed to these organisms. 
Those found in the carious teeth are mere saprophytes. Lacto^ 
bacilli are normally found in the mouth and intestines, more 
abundantly in vegetarians. 

The administration of living culture of L. acidophilus and 
L. bulgaricus is employed as a therapeutic measure by some 
workers, especially in America, in certain intestinal disorders. 
They believe that it will suppress the growth of putrefying intesti- 
nal bacteria, relieve constipation and improve the so-called auto-' 
intoxication of intestinal origin. But the results so far achieved 
have not fulfilled the hope. 

FUSOBACTERnjM 

Fftsobacterium is the generic name given to a group of orga- 
nisms which exhibit the following characters : obligate parasites ; 
anaerobic or microaerophilic; cells frequently elongated and 
fusiform, staining somewhat unevenly; filaments sometimes 
formed; non-branching; non-motile; non-sporing; reaction to ' 
Gram variable; growth in laboratory media feeble. Several 
species have been described. 
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LACrOBAOlLVS 

Tie genos Lactobacillus conshis of rod-shaped ccffs, often long 
and slender and sometimes p/eoraorphic, non-motiie, non-sporiag 
and Gram-ncgal/ve, They are nu'croaerophz'Iics^ facultative acae-' 
robes or strict anaerobes. Th^ ferment carbohydrates.produpog, 
as a rule, Jactic acid. Eiide or no proteolyticactivity is assodated 
with them. They ore widely distributed in nature and found ia 
vegetable and animal products. About forty species have been 
described, but none of them is pathogenic to mao. Their nsain 
interest is in their use in industrial fermentation processes. No 
satisfactory classification of these organisms has been arrived at 
Members of this genus have been described from such widely 
dilferent situatioos as fe/meming mtlk-^L. coucasicus and X. 
bufsoricus^ normal human vagina— Doderlein's bacillus which is 
now accepted as L acidophilus, stomach contents in gastric 
carcinoma*— Oppler-Boas bacitius, faeces of breast-fed infants— 
L. acidophilus and L. bfjidus> tacccs of mammals, fishes and inverte- 
brate animals, normal mouth, stomach and intestines of man, 
carious teeth — L. odontplyficus, silage, soil and sewage, 

Morphoiogy and Staiaiag. They are generally large orga- 
nisms arranged singly, ta cad to end pairs and in chains. Pleo- 
morphic forms, clubbed, iroobbed, curled, spiral, vacuolated, 
filamentous, etc., are common, especially in old cultures. In 
some species Y-shaped forms, giving an appearance of biaocbing, 
are very common. The Lactobacilli develop neither flagella 
nor spores and are Graiu-poshive. 

Gro^rth Characters. They are microaeropbiJic, facultatively 
anaerobic or strictly anaerobic- after a few subcultures, they 
rcay aerobically. GeneraHy, they grow between 25'’ and ^ 
45" C with an optimum of 37’^-.40‘‘ C. The optimum reaclbn 
seems to be pH 6-0 with a range of pH 5-4-5'S. Pantothenic 
acid, ribofinvin and pyridoxin appear to be essential for growth* 
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associated with metastatic absccsscs’and infections of the urinary 
tract. Its exact pathogenic role in these conditions has yet to be 
determined. On subcutaneous inoculation, some strains pro- 
duce abscess in rabbits, guinea-pigs and mice. 

Bacteroidcs Melaninogenicus. This species consists of small 
Gram-negative, non-motile rods, usually arranged in pairs. It 
is an anaerobe and grows best at 2>T C. On blood agar it grows 
in black colonies due to the formation of a melanin-like substance. 
Better growth is obtained in mbccd culture than when the organism 
is in the pure state. It attacks glucose, lactose, maltose, mannite, 
saccharose and a few other sugars, producing only acid. It is 
markedly proteolytic on native proteins. It is naturally present 
in the oral cavity and external genitalia of man. Its presence has 
been noted in infected wounds, focal infections of kidneys, in 
faeces from chronic amoebic dysentery and in peurperal infection. 
Whether it has any pathogenic role, is yet undetermined. It Is 
not pathogenic for rabbits, guinea-pigs and mice. 

Bactoroldes Ramosus (Fusitormis ramosus). This is another 
species of undetermined systematic position. Thecells comprising 
it are tmy slender rods which often show branching Y forms and 
V forms. The organism is Gram-positive, not motile, and 
not spofing. The cells are arranged in pairs or short chains. 
Bacteroides ramosus is an obligate anaerobe. It grows on ordi- 
nary media but slowly. It is frequently encountered in appendi- 
citis and in gangrene of the lungs. Its occurrence in gas gangrene 
and often in the blood has been recently reported. It is patho- 
genic to experimental animals, causing abscess on subcutaneous 
injection into rabbits and guinea-pigs and toxacniic death of these 
animals on intravenous administration. 

Actinomyces Nccrophorns. This is yet another species of 
unsettled taxonomic position. Some authorities group it with 
Fusobacterium, The cells arc tod-shaped with 0-5-1 *5 microns 
wide, forming long filaments up to 80-100 microns long, occasio- 
nally showing branching. The short forms are motile. .The 
organism is Gram-negative and beaded appearance is common. 
It is a stri ct anaer obe and its optimum temperature is 37® C. 
The colonies on agar are small, dirty white, circular, opaque 
discs. Glucose, maltose and levulose are fermented, with the 
production of but acid. Indole is produced. Gelatin is not 
liquefied. 
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Fosobacterim. Pbuii-Vfacratl. TWs ofgarisa « tad ta 
anous ulceraijve and necrotic lesions of the mouili, toal, 
mtestines and genitaiia. It is freqnendy associated wiii T. mcatL 
tt IS constantly present in the chronic condition called tropial 
lilCCT. It has probably some causal rcJat;ofls% with Vmcsst'i 
angina. Its exact pathogenic role has not been detenamed. It 
oocs not appear to be patbogemc to guinea-pigs and moniejs. 
It is 0'5-l*0 by 8-16 microns in size, occurring singly 
or in pairs. Pleomorphism is common, especially in culture. 
It is straight or curved, thickened in the middle and tapering to 
the ends. It is non-motile. Gram-negative and granular in appea- 
rance. Piiute carboi fusebia staios jC well. 

The fusiform faaciilus is an anaerobe. The optimum tempe- 
rature is 35'’-37®C, Growth is slow. On ordinary media 
growth is poor to nil. The addition of serum or Wood renders 
them suitable. A medium containing one part of blood to three 
of agar has been found to be satisfactory, la this it grows m 
small colonies resembling those of streptococci. Often there is 
a zone of green haemolysis about the colonies. 

Glucose, levulose, saccharose, maltose and somelanes lactose 
are fermented without gas production; inulin or mannite is not 
attacked. Indole h not formed. 

BACTEROWES 

The scope of this genus is still unsettled. Many appaready 

heterogeneous species arenowincludedinitandthisarrangcmeDt 

should be considered as tentative. Bergey defines the genus as: 
motile or non-moliie rods without endospores; obligate parasites; 
may or may not require enriched culture media ; Gram-negative. 

Bacternides Fragfiis. The ceils of this species are small 
slender rods with rounded ends, occurriag siagly or in p^rs. 
They are Gram-negative and nofl-motilc. Some authorities 
include this organism in the genus Fusobaettrium. 

It is an obligate anaerobe and grows best at 37® C It will 
grow on the usual laboratory media, but the growth is scanty. 
The colonies ate small, grey and irregular. A variety of sugars, 
such as glucose, mahose, saccharose and arahinose, are fermented 
without gas production. 

Bacteroidts Msilis bas been isolated from cases of appendi- 
citis, pulmonary and hcpatJc abscesses, septkaemw conditions 
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associated with metastatic abscesses and infections of the urinary 
tract. Its exact pathogenic role in these conditions has yet to be 
determined. On subcutaneous inoculation, some strains pro- 
duce abscess in rabbits, guinea-pigs and mice. 

Bacteroides Melaninogcnicus. This species consists of small 
Gram-negative, non-motile rods, usually arranged in pairs. It 
is an anaerobe and grows best at 37* C. On blood agar it grows 
in black colonies due to the formation of a melanin-like substance. 
Better growth is obtained in mixed culture than when the organism 
is in the pure state. It attacks glucose, lactose, maltose, roannite, 
saccharose and a few other sugars, producing only acid. It is 
markedly proteolytic on native proteins. It is naturally present 
in the oral cavity and external genitalia of man. Its presence has 
been noted in infected wounds, focal infections of kidneys, in 
faeces from chronic amoebic dysemery and in peurpcral infection. 
Whether it has any pathogenic role, is yet undetermined. It is 
not pathogenic for rabbits, guinea-pigs and mice. 

Bacteroides Ramosus (Fustfonnis ramosus). This is another 
species of undetermined systematic position. Thecells comprising 
it are tiny slender rods which often show branching Y forms and 
V forms. The organism is Gram-positive, not motile* and 
not sporing. The cells are arranged in pairs or short chains. 
Bacteroides ramosus is an obligate anaerobe. It grows on ordi- 
nary media but slowly. It is frequently encountered in appendi- 
citis and in gangrene of the lungs. Its occurrence in gas gangrene 
and often in the blood has been recently reported. It is patho- 
genic to experimental animals, causing abscess on subcutaneous 
injection into rabbits and guinea-pigs and toxaemic death of these 
animals on intravenous administration. 

Actinomyces Nccrophoros. This is yet another species of 
unsettled taxonomic position. Some authorities group it with 
Fusobacterium. The cells are rod-shaped with 0*5-1 *5 microns 
wide, foTvaing long filaments wp to TnicTons long, occasio- 

nally showing branching. The short forms are motile. .The 
organism is Gram-negative and beaded appearance is common. 
It is a stri ct anaer obe and its optimum temperature is 37* C. 
The colonics on agar are small, dirty white, circular, opaque 
discs. Glucose, maltose and levulose are fermented, with the 
production of but acid. Indole is produced. Gelatin is not 
liquefied. , 
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haemttf produces an ejotoxin. Jt causes 
dipMiieritic and necrofic lesions, “ necroftaciUos/s," in many 
wmals— horses, mules, sheep, pigs, cattle and others. In tee 
imiitipje abscesses are formed in the internal organs and the 
organisms are found in large numbers in these lesions. Estensive 
gangrenous reaction and slooghing of the tissue may occur. A 
similar organism has been seen In suppurative lesions, such as 
hepatic and pulmonary abscesses and nlcetalive colitis, and even in 
the blood ia man. Tie organism is also present in the nomai 
aad ^nitM traefs of mao. It is highly paiftogenic to 
^^'ipeTjmentai afflwsis, some strains producing oa subcataneoas 
inoculation spi'cadiog necrotic Usions in rabbits which end 
fatally. 


Tie geatis Listerella contains only one species, U monoeyto^ 
genes. This microbe was first isolated from rabbits saffedag 
from a disease characterised by a large monosvcjear Jeococytoiis 
and aamed at that time Baeferwm monocytogenes. Jts cotrect 
systematic positioo is still doubtful. 

LfsiereUa monocytogenes is a small Gram-positive barillas, 
1-0-2‘Oft X 0-5p, feebly motile by msaos ofa single veiyloflg 
polar flagellum. It is non-capsulated and nojS'Spatipg. The 
cells arc arraoged singly, in V-shaped or parallel pairs or in short 
chains. Often a beaded appearance is seen. 

The organism is aerobic and facultatively anaerobic. The 
optimum temperature is 37“ C. It grows best on media enticbed 
with liver extract or blood. The colonies on solid media arc 
small, transparent by transmitted light and milk white \fy reflected 
light. Beta haemolysis is produced on blood agar. 

Its biochemical activity is restricted. Glucose, rbaronose 
and salicin are fermented without the production of gas. Maltow 
and saccharose are fermented irregularly and slowly. Indole is 
not formed and gelatin not liquefied. 

A few cases of Lts/erella infection in man, meningitis ana 
sepiiKiemia, tev« been reported. Thu infection is probably 
ncouired from infected animals. Natural ioftetion of animals 
is not infrequent and it is characterised by monocytosis. Swum. 
sheep, fot»!s. and rodents, like mice, guinea-pigs and rabbits, 
may all be affeclcti. 
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DIALISTER 

The generic characters are : minute rod»shapcd cells, occurring 
singly, in pairs and short chains; non-mottle; anaerobic; grows 
only in media containing fresh, sterile tissue or ascitic fluid; 
strict parasites. 

Uialister Pneumosintes. The cells are very minute, cocco- 
bacillary, measuring 0‘15-0'3 micron long and occurring singly^ 
in pairs, short chains and masses. They pass through Berkefcld 
V and N filters. Diahster pneumosintes is non-motilc and Gram- 
negative. It stains a deep purple with polychrome methylene 
blue. It is a strict anaero be. The optimum temperature is 37“ C. 
The organism is fastidious in its nutritional requirements, growing 
well in Smith-Noguchi medium or in glucose agar containing 
rabbit blood and incubated anaerobically. Of the ordinary 
sugars, it ferments only glucose, producing acid. It is normally 
found in the nasopharynx of man. It was first isolated from the 
nasopharynx of cases of epidemic influenza in the first thirty-six 
hours of the disease and was for sometime believed to be its cause. 
It is apparently non-pathogenic. 

THE PLEUROPNEUMONIA CROUP OF ORGANISMS 

This group contains very roinulc, extremely pleomorphic 
organisms showing granules, rings, coccoid forms, filamentous 
and other aberrant forms. Some forms can pass coarse bacterial 
filters. The smallest size noted is 125 to 250 millimicrons. These 
organisms are non-motilc and stain poorly with ordinary dyes 
but well with Giemsa. They arc Gram-negative. They are 
facultative anaerobes. They can grow in artificial media and 
independently of living tissue. Both saprophytic and parasitic 
forms exist. Many species arc pathogenic to animals, the most 
important being the organism of bovine pleuropneumonia. The 
exact relationship of these organisms among themselves and with 
other groups of organisms is not known. Owing to their Cltcra- 
bility some authorities group them with the viruses and others 
with the ricketssiae because of their tendency for an intracellular 
existence in the host tissues. Infection with these organisms 
produces immunity but not so solid as that produced by some of 
the viruses. 


F 



CHAPTER XXJV 
PASTCUReeLA 


PasteureUa is the generic name for a group of small, Gfam- 
negative, ovoid to elongated, bipolar staining badUi, possessing 
limited biochemical nciivity. They arc parasitic on man, animals 
and birds. 

The genus includes PasteureUa pest/s or the plague badllus, 
PasteureUa sepUea or the organism of haemorrhagic sept/caeraia 
of animals and birds and PasteureUa pseudatuhercuhsis which 
causes a tubercufosis*fifcc disease in certain rodents. Following 
Bergey, the organism of tularaemia, PasteureUa lularensis, is 
included in this genus. Many members of this genus cause in 
various animals and birds the disease known as haemorrhagic 
septicaemia. Organisms isolated from di/Tercnt animal hosts 
have been assigned by some authorities separate specific names 
derived from the animal spectes mainly affected. Thus, we have 
Past, avisepiica of birds, Past, muriseptica, a natural pathogen of 
wild rats. Past, lepiseptica causing a natural disease in rabbits, 
Past, suisepiica of swine plague. Past, boviseptica which causes 
a haemorrhagic septicacmic disease in caiiJe, horses and deer, and 
others. But the differences between these arc, as known at present, 
too insuflicient to justify the creation of new species. Even the 
host adaptation is not always exclusive but loose. Hence, these 
organisms arc better treated as beloogiag to the same species, 
Past, septica, pending clarification of their interrelationship by 
further studies, 

PasteureUa Pestls fl.., pcstis, plague)* The plague bacillus 
■was discovered and desenbed mdependently by Kitasato and by 
Yersin in 1894 during an epidemic at Hongkong. )n the years 
following, plague was estabjished to be a disease primarily of 
Todenis by several workers. Its transmission to man through 
the agency of infected fleas, although reported by many workers 
previously, was concJusively proved by the British PJague Com- 
jnlssion in India in 1906. 
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Ecology. Past, pestis is a strict parasite of rodents and man. 
It is also found in the infected flea. The organism is found in 
large numbers in the buboes, blood, pleural effusion, spleen and 
liver of infected rodents and man and also in the sputum in 
pneumonic plague. 

Morphology and Staining. They are small, plump, ovoid 
rods, 1-5 X 0 • 6 /i, with rounded ends and convex sides and occur- 
ring singly. The tendency to chain formation is observed in 
Huld cultuTC. Past, pestis shows a high degree of pleomorphism, 
particularly in tissues. Involution forms also constitute a con- 
spicuous feature, especmlly in old cultures. Such forms are easily 
developed in the presence of 3 per cent, sodium chloride. Coccoid, 
snahe-like, yeast-like, filamentous forms and shadow forms may 
all make their appearance in twenty-four hours. The plague 
bacillus is non-motilc, non-sporing and capsulated in tisssues. 
In cultures grown at 37* C. it develops a slimy gelatinous envelope. 

The organism stains easily. It is Gram-negative and not 
acid-fast. The tendency to bipolar staining, more marked in 
tissue forms, is a characteristic feature of the plague bacillus. 
It is brought out better when stained with a weak stain, like 
methylene blue. This staining peculiarity is due to the more 
intense staining of the polar areas than the intervening portion 
of the baallary body and not due to the presence of metachrornatic 
granules. 

Growth Requirements. This microbe is aerobic and faculta- 
tively anaerobic. The optimum temperature of the pestis bacillus, 
unlike other human pathogens, is 2S'’-30* C. The temperature 
range is between -2® and 45® C. (Sokhey). The optimum pH is 
6-2-7 *0. The plague bacillus grows readily on all media and has 
no special nutritional needs. When grown on simple media, some 
strains may require nicotinamide or thiamine or both. 

Cultural Characters. The plague bacillus grows on all media 
but only slowly and sparsely. On agar the colonics are small, 
round, greyish white, glistening, translucent and finely granular 
discs, butyrous in consistence and easily emulsifiable. Older 
colonies show a raised centre and flat periphery. There is moderate 
growth in broth, which may be turbid or clear with flocculent 
or powdery deposit at the sides or bottom of the tube. Older 
cultures show pelhclc with streamers into the fluid (stalactite). 
Such streamers can be made to develop in young cultures by 
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.floating sterile oil on the surface and incubating them undisturbed 
for a few days. Though itisbighly characteristic of- Past, path, 
it is not peculiar to it. 

Biochemical Activity, fast, pestis produces acid without gas 
in glucose, mannite, maltose and a few others. Lactose is cot 
attacked. It docs not produce indole. Nitrates arc reduced 
to nitrites. Milk is rendered slightly acid but not clotted. Broth 
is turned alkaline. Bile salts do not inhibit growth. No haemo* 
Jysin is produced nor gelatin liquefied. 

Resistance. Its resistance to injurious agents is not high. 
Heat at 55* C. kills the organism in five minutes and phenol is 
O' 5 per cent, concentration in fifteen minutes. Cultures kept at 
low temperature may survive long. Drying is rapidly lethal; 
so also exposure to sunlight. 

Antigenic Structure. Past, pesiis is a serologically hojnog^ 
neous group. It appears to have a heat labile envelop auligen aad 
a heat stable somatic antigen. The latter is common to Pm. 
pseudotubercuhsis and cross agglutination between these two 
organisms is a marked feature. . j t,„ p-tf 

Toxin Production. No soluble toxm is produced by m. 
pesos. The endotoxin is the nocuous osent. Vimto« 
fmmunising properties most probably also „ 

presence or absence of the envelop antigen. Tiis anl>8 
develops only at 37»C. and is destroyed at 100 C. 

Pathogenicity. Fast, pestis causes disease “ “““ f 
rodents, like rats, ground squirrels and others. ‘ 

ate relatively immune. With the exception of 
are quite resistant. The organism is infectious for mice, g « 

= extraneous 

peerolic and subserous haemorrhagB. 
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The spleen is enlarged congested and studded with miliary, soft, 
grey nodules. The liver is enlarged and peppered as it were 
with tiny necrotic foci. There is effusion into the pleural cavity. 
The causal germ is found in large numbers in all the organs, 
especially numerous in the necrotic areas. It should be remem* 
hered that a condition closely simulating this is given rise to in 
pseudotubcrculosis of guinea-pigs caused by the allied organism 
Past, pseudotuberculosis. 

Epidemiology. Plague was known from very ancient times 
as one of the greatest scourges of the human race. In relentless 
waves It used to sweep over the world with fnghtful mortality. 
It has been estimated that the “ Black Death ” of the 14th century 
killed over 25 million people in Europe, nearly a quarter of the 
then population. About 70,000 people perished in London alone 
during a severe outbreak in 1665 — the Black Death of London. 
Plague was comparatively quiescent in the 18th and 19th centuries, 
being then confined to the endemic areas, A fresh wave started 
in 1894. Beginning in the Yunan province of China, it soon 
reached Hongkong and thence spread practically to all countries 
«f the world. Through merchandise Bombay was affected in 
1896. During this pandemic India suffered terribly. Her 
recorded death rate (for British India) from plague for twenty 
years beginning from 1898 was 10^ million. 

The present endemic foci in the world arc: India, Burma, 
Ceylon, Iraq, portions of S. America and Africa, S. E. Russia, 
Siberia, Manchuria, China, the East Indies, West Indies and 
California.. In this country the Punjab, Bombay, the United 
Provinces, Hyderabad and Madras arc the chief endemic centres, 
Tinncvclly, Salem and Bcllary being the chief focal points in the 
last. 

Plague occurs more in the wanner regions. In the tropics 
the greater incidence is in the cold weather, January to April 
■or May, as a temperature over 80* F. associated with low 
humidity is inimical to flea life. Besides, rats during the hot 
season go far afield on their forage expeditions, thus reducing the 
opportunity for their close contact with man. 

Plague is a disease primarily of rodents. From them it 
spreads to man through the agency of infected fleas. Rats form the 
■main victims of plague. It is so in India. Other reservoir hosts 
are : the ground squirrel in California, the susliks in S. E. Russia, 
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•floaUng slarila oil on thc surhcc and incubating ffi™ aadhwM 


■ BhamScal Ac,M,r. produces acid witbout pt 
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attacked. It docs not produce indole. Nitrates are reduced 
to nitrdes. Milk is rendered slightlyacid but not dotted. BrotA 
js turned alkaline. Bile sails do not inhibit grojvth. No iamo- 
lysm IS produced nor pefatin liquefied. 

JReshiance, Jis resistance to injurious agents is not iigi- 
Heat at 55® C. kills the organism in five minutes and phenoi is 
€•5 per cent, concentration in fifteen minutes. Cultures kept at 
low temperature may survive long. Drying is rapidly IclAal; 
So also exposure to sunlight, 

j^ntigen/c Structarc. Past, pesiis is a scroiog/caWy hoinogf* 
neous group. It appears to have a heat labile enrehp sntigtn and 
a heat stable somatic antigen. The latter is common to fast, 
pseudatubereulosis and cross agglutination between these two 
organisms is a marked feature. 

Toxin Prodwefion, No soluble toxin is produced by fast, 
pestis. The endotoxin is the nocuous agent. Virulence and 
immunising properties most probably also depend upon the 
presence or absence of the envelop antigen. This afltigea 
develops only at 37® C. and is destroyed at 100® C. 

Pathogenicity, Past, pestis causes disease io man and certain 
rodents, like rats, ground squirrels and others. Domestic animals 
arc relatively immune. With the exception of sparrows, birds 
stre quite resistant. The organism is infectious for mice, guinea* 
-pigs, rabbits and monkeys. Subcutarteous laocu/at/on with a 
fresh culture kills the mouse or guioea-pjg in tnv to five days. 
Infection can also be induced by the cutaneous route by rubbiog 
the infected material on the shaven skin. The same thing can 
Ije done through the nasal or conjunctival mucosa. This pro- 
cedure is useful when the infected material contains extraneous 


organisms. ^ ... • .v 

The post*mortem appearance in guinta*pigs js charaefenstic. 

, ..r tc with hflemrtrrhaEIC 


The tissue at the site of inocufation is aecrotia with haeraoriapu 


Jdama aii roaod. The regional glands are enlarged, soft and 
xerotic with periglandular inflanimataiy and hacmoirhagie 
Sma. Were “re subcutaneous and subscrous haemorrhages^ 
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season seven days. In the laboratory a flea can be kept infected 
for about 47 days. The clearance is probably due to the insect 
developing Immunity. ' o ' t 

The mechanism of infection now accepted is somewhat as 
follows; the blood that is sucked from the rat contains plague 
bacilli. It clots in the proventriculus of the flea and in the clot the 
microbe multiplies rapidly. The clot mechanically blocks the pro- 
ventriculus, preventing another feed. The insect becomes thirsty 
and hungry and tries to suck blood from the new host. In this act 
the insect makes tremendous efforts, during which probably a 
minute fragment from the infected clot becomes detached. This is 
regurgitated and implanted in the new host through the bite pun- 
cture. Another possible mode of transmission is through infected 
faeces. The organism is undoubtedly present in the excreta. Through 
the bite wound the infected faeces or blood of the flea, crushed by 
scratching as the result of irritation caused by bite, is rubbed in. 

Pneumonic plague is highly contageous. Its incidence is 
independent of rodents or fleas. It is characterised by peri- 
bronchial inflammation soon followed by haemorrhagic pneu- 
Tftoma of a lobular or lobar type. The organism U found in 
abundance in the sputum and the spread is directly from man to 
man through infected droplets. The pneumonic type may origi- 
■nally be starting from plague pneumonia. Plague seems to take 
a pneumonic turn in the ground squirrel and larabajan, and a 
•direct spread of pneumonic plague from these to man is not out 
■of the picture of the epidemiology of pneumonic plague. 

Rat being the reservoir host, the disease always starts in the 
neighbourhood of buildings, particularly grain store, warehouses, 
godowns and shops. From such localities it spreads to adjoining 
■or distant places. The spread to distant places is usually by way 
■of the trade and travel routes and by transport agencies, like 
trains and ships, harbouring infected rats. The same is also 
-Served by merchandise, such as bales of cotton and bags of grains, 
<arrying infected rodents and fleas. A human case coming to a 
locality cannot start an epidemic as the vector flea, not being 
naturally parasitic on man, is not infected by him. The rodents 
and their fleas have to get infected first before man can get the 
infection. That is, the reverse condition of transmission of infec- 
tion from man to fleas and from fleas to rats docs not occur as 
-‘the flea is not a parasite of man. 
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the tarabajan in Manchuria and the gerbfflns and the muilinani- 
mate mouse in Africa, al! rodents,' There is reason to believe 
that plague infection among rodents is extending, which consti- 
tutes a greater potential danger. Among the rats, the small black 
house rat, Rallus rattus^ and the large grey sewer rat, Rattus 
tiorvegictis, are most affected, the latter more commonly than 
the former. The infestation rate of ffeas in R. norvcgicus is double 
that in R. ratius. But due to its closer relationship to roan, the 
small black house rat is more dangerous. 

In the endemic areas the disease exists in rats and other 
rodents in a chronic and inapparent form. The carrier animals 
may be apparently healthy, but the infection lurks in them in the 
form of large abscesses in the liver or spleen. Sporadic cases 
may also occur in the rodents as well as in man. Such inapparent 
and sporadic forms serve as the connecting link between epizoo- 
tics. When conditions become favourable, the dormant lesion 
in the R. norvcgicus flares up, forming the first case to start the 
epizootic. The acute disease in the rodents is essentially septi- 
caemic and the blood-sucking flea host is sure to be spontaneously 
infected. Fleas may, therefore, indirectly spread the infection 
among rats. As R. norvegicus is a ferocious fighter, among them 
the infection is also spread directly through bite. Ten to fifteen 
days after the epizootic starts among the grey rat, it is trans- 
mitted io the house rat, among which the disease soon spreads 
as a mass infection. This is followed after a similar interval by 
the outbreak of epidemic among man. Thus, cpidemte arc 
always heralded by epizootics among rats or other rodents and 
rat falls are. therefore, rightly taken as the harbingers of human 


plague. When a rat dies of plague, the fleas leave it in search 
of nmv hosts. Usually the flea finds another rat, but should it 
happen to come across man, the insect infects him by virtue of 
its previous infectious feed on the deserted rat. That is how man 
happens to be the victim and the infection transmitted to him. 

The rat fleas responsible for transmission m this country are 
XenopsyUa cheopis and Xenopsylh nstfa, the former being far 
more important than the latter. In certain regions Ceraiophyllus 
fascUrius acts as the insect vector.' ’The plague bacilii Jiie and 
multiply in the intestine of fleas. How long they do so and how 
' toae Las remain infective, depend upon several factors. During 
cpidefflic it is about e{t«n’ iayB.and dunng the off 
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season seven days. In the laboratory e flea can be kept infected 
for about 47 days. The clearance is probably due to the insect 
developing Iramunily. , 

The mechanism of infection now accepted is somewhat as 
follows: the blood that is sucked from the rat contains plague 
bacilli. It clots in the proveniriculus of the flea and in the clot the 
microbe multiplies rapidly. The clot mechanically blocks the pro- 
ventriculus, preventing another feed. The insect becomes thirsty 
and hungry and tries to suck blood from the new host. In this act 
the insect makes tremendous efforts, during which probably a 
minute fragment from the infected clot becomes detached. This is 
regurgitated and implanted in the new host through the bite pun- 
cture. Another possible mode of transmission is through infected 
faeces. The organism is undoubtedlyprcsentintheexcreta. Through 
the bite wound the infected faeces or blood of the flea, crushed by 
scratching as the result of irritation caused by bite, is rubbed in. 

Pneumonic plague is highly contageous. Its incidence is 
independent of rodents or fleas. It is characterised by peri- 
bronchial inflammation soon followed by haemorrhagic pneu- 
monia of a lobular or lobar type. The organism is found in 
abundance in the sputum and the spread is directly from man to 
man through infected droplets. The pneumonic type may origi- 
nally be starting from plague pneumonia. Plague seems to take 
a pneumonic turn in the ground squirrel and tarabajan, and a 
dhcct spread of pneumonic plague from these to man is not out 
of the picture of the epidemiology of pneumonic plague. 

■ . Rat being the reservoir host, the disease always starts in the 
neighbourhood of buildings, particularly grain store, warehouses, 
godowns and shops. From such localities it spreads to adjoining 
or distant places. The spread to distant places is usually by way 
of the trade and travel routes and by transport agencies, like 
Iralns and ships, harbouring infected rats. The same is also 
.Served by merchandise, such as bales of cotton and bags of grains, 
orrying infected rodents and fleas. A human case coming to a 
locality cannot start an epidemic as the vector flea, not being 
naturally parasitic on man, is not infected by him. The rodents 
and their fleas have to gel infected first before man can get the 
infection. That is, the reverse condition of transmission of infec- 
tion from man to fleas and from fleas to rats does not occur as 
the flea is not a parasite of roan. 
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the tarabajan in Manchuria and (he gerbillas and the muWmara- 
mate mouse in Africa, all rodents.- There is reason to believe 
that plague infection among rodents is extending, which consti- 
tutes a greater potential danger. Among the rats, the small black 
house rat, Rallus rattus, and the large grey sewer rat, Rastus 
norvegicus, arc most affected, the latter more commonly -than 
the former , The infestation rate of fleas in R. norvcgiciis is double 
that in R. rattus. But due to its closer relationship to man, the 
small black house rat is more dangerous. 

In the endemic areas the disease exists in rats and other 
rodents in a chronic and inapparent form. The carrier animals 
may be apparently healthy, but the infection lurks in them in the 
form of large abscesses in the liver or spleen. Sporadic cases 
may also occur in the rodents as well as in man. Such inapparent 
and sporadic forms serve as the connecting link between epizoo- 
tics, When conditions become favourable, the dormant lesion 
in the R. norvegkus Hares up, forming the Grst case to start ibe 
epizootic. The acute disease in the rodents is essentially septi- 
caemic and the blood-sucking flea host is sure to be spontaneously 
infected. Fleas may, therefore, indirectly spread the infection 
among rats. As R. norvegicus is a ferocious fighter, among them 
the infection is also spread directly through bite. Ten to fifteen 
days after the epizootic staits among the grey rat, it is trans- 
mitted to the house rat, among which the disease soon spreads 
as a mass infection. This is followed after a similar interval by 
the outbreak of epidemic among roan. Thus, epidemics are 
always heralded by epizootics among rats or other rodents and 
rat falls are, therefore, rightly taken as the harbingers of human 
plague. When a rat dies of plague, the fleas leave it in search 
of new hosts. Usually the flea finds another rat, but should it 


happen to come across roan, the insect infects him by virtue of 
its previous infectious feed on the deserted rat That is how roan 
happens to be the victim and (he infection transmitted to him. 

The rat fleas responsible for transmission in this countiy are 
.. xenopsylla cheopis and Xeiiopsylla ostia, the former being far 
more important than the latter, la certain regions Ceraiophyllus 
fasciatus acts as the insect vector. The plague bacilli live and 
; -Luitinly in the intestine of fleas. How long they do so and bow 
* mne Las remain infective, depend upon several factors. During 
thfepidcfflic season it is about fifteen days > and during the off . 
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over the shaven skin. The plague bacilli penetrate the skin but 
the contaminants do not. The animal dies in two to five days 
with characteristic post-mortem findings. 

Serology is of little practical value in diagnosis. The patient’s 
serum may give a positive agglutination reaction with the specific 
antigen in a tilre up to 1 1 100. 

Pseudotuberculosis of guinea-pigs and rats gives a somewhat 
identical picture. But it can be differentiated by the fact that 
the causative organism, Past, pseudotuberculosis, is motile at 
22° C., while the plague bacillus is non-motile at all temperatures 
and that the former is non-pathogcnic to white rats. Tularaemia 
may rarely cause confusion, when isolation of the organism and 
further study will clinch the diagnosis. 

Diagnosis of Infected Rats or Other Rodents. This may be 
often required as rat falls are harbingers of human plague and a 
correct diagnosis made betimes may enable proper prophylactic 
measures to be taken before cases begin to appear in man. The 
post-monem appearances in rats are cbaractcristic: pink paws; 
single cervical bubo ; periglandular inflammation and oedema 
of neck; subcutaneous congestion and haemorrhage, especially 
of the submaxillary region; haemorrhages into the lungs, pleura, 
adrenals, kidneys and other organs, and pleural effusion. Micro- 
scopic examination reveals large number of organisms in the 
tissues, especially in the spleen and bubo. Confirmation should 
be obtained by cultural, serological and animal inoculation tests 
as described above. 

Thcrraoprecipitln Test. This test is particularly useful if 
the tissue has undergone putrefaction. One gram of the infected 
tissue is macerated in 5 ml. of distilled water and boiled for 5 
minutes. U is cooled and filtered. A few drops of the specific 
serum are then run on to the surface of the filtrate contained in 
a narrow test tube. Precipitation occurs at the interface in 
about 5 TOpinutes in positive cases. The phenomenon is hastened 
at 37° C. 

Treatment and Prophylaxis. A specific serum has been used 
in the treatment of human cases. It is of doubtful value. Even 
so it has to be employed, for nothing should be left undone in 
such a fatal infection with no other remedy offering any hope. 
It should be given as early in the disease as possible, in 80-100 c.c. 
doses, always intravenously and repeated every six hours until 
I 
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h. “^niaa against plague would appear to 

be very ‘"effiaent. Also, the organism is very invasive and over- 
powers the defence forces of the body before any resistance can he 

put up. Apparently, all races, all ages and both sexes are estremely 
suKeplible. Those who escape from getting the disease during 
epidemics do so because they escape from bite of the infected 
flea and may not be due to any inherent resistance. The incuba- 
tion period of bubonic plague is 5-1 days and of the pneumonic 
type 1-3 days. The case mortality in the former is 60-90 per 
cent, and in the latter 100 per cent. It is almost 100 per cent, 
in the septicaemic form but vciy low in the cutaneous type. 

Immonity* Antibodies, like agglutinins, Jysins and opsonins, 
aie formed during infectioo, but how far they are protective, is 
not clear. At any rate, their tormathn is too late to be e/Tective 
in the large majority of cases. Recovery is usually followed 
by lasting immunity. 

A certain amount of protection may be conferred on experi- 
mental animals by active immunisatton. An antiserum has been 
prepared in the horse, but its therapeutic value is doubtful. 

Diagnosis. It is necessary to be familiar with the methods of 
diagnosis of plague both in man as well as in rats or other rodents. 
The diagnosis of plague in man rests on the finding of the orga- 
nism in the matcriais chtainedfrom the patxcof, its isolation and 
identification. Serology affords but little aid. The juice aspirated 
from the bubo, blood from the late bubonic and from the 
septicaemic type5 and the sputum in the pneumonic form will all 
contain the organism in large numbers. In about 5 per cent, 
of the bubonic type vesicles are developed at the site of bite. Fluid 
from such vesicles also contains the bacilli. Hence, examination 
of stained smears of these materials will show large number of 
bacilli with the characteristic bipolar staining and marked pieo- 
morphism. Cultures with these materials are then made and the 
I'sofation of the organism proceeded with. The biochemical 
^cfivity of the isolated organism is studied and its identity esta- 
blished by doing an agglutination test with the specific serum. 

Confirmation may also he sought by animal inocuJaliOB, 
.moloying a white mouse or guinea-pig. The material is dimedy 
into the animal subcuianeousiy or mtrapentoneally. 
if it is contaminated with other organisms, as it happens 


But, - 
when it « taken from 


•, bubo or spleen after death, it is rubbed 
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over the shaven skin. The plague bacilli penetrate the skin but 
the contaminants do not. TTie animal dies in two to five days 
with characteristic post-mortem findings. 

Serology is of little practical value in diagnosis. The patient’s 
scrum may give a positive agglutination reaction with the specific 
antigen in a titre up to 1 : 100. 

Pseudotuberculosis of guinea-pigs and rats gives a somewhat 
identical picture. But it can be differentiated by the fact that 
the causative organism, Post, pseudoiubercuhsis, is motile at 
22° C., while the plague bacillus is non-motile at all temperatures 
and that the former is noO-pathogenic to white tats. Tularaemia 
may rarely cause confusion, when isolation of the organism and 
further study will clinch the diagnosis. 

Diagnosis of Infected Rats or Other Rodents. This may be 
often required as rat falls arc harbingers of human plague and a 
correct diagnosis made betimes may enable proper prophylactic 
measures to be taken before cases begin to appear in man. The 
post-mortem appearances in rats are characteristic: pink paws; 
single cervical bubo; periglandular infiammation and oedema 
of neck; subcutaneous congestion and baemorrhage, especially 
of the submaxillary region ; haemorrhages into the lungs, pleura, 
adrenals, kidneys and other organs, and pleural effusion. Micro- 
scopic examination reveals large number of organisms in the 
tissues, especially in the spleen and bubo. Confirmation should 
be obtained by cultural, serological and animal inoculation tests 
as described above. 

Thcnnopreclpitin Test. This test is particularly useful if 
the tissue has undergone putrefaction. One gram of the infected 
tissue is macerated in 5 ml. of distilled water and boiled for 5 
minutes. It is cooled and filtered. A few drops of the specific 
serum are then run on to the surface of the filtrate contained in 
a narrow test tube. Precipitation occurs at the interface in 
about 5 minutes in positive cases. The phenomenon is hastened 
at 37° C. 

Treatment and Propb}laxis. A specific scrum has been used 
in the treatment of human cases. It is of doubtful value. Even 
so it has to be employed, for nothing should be left undone in 
such a fatal infection with no other remedy offering any hope. 
It should be given as early in the disease as possible, in 80-100 c.c. 
doses, always intravenously and repeated every six hours until 
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5 “Sainst plagM would appear to 

be \ery '“ffiaent. Also, the organism is very invasive andover- 

powers the defence forces ofthe body before any resistance can be 

put up. Apparently, all races, all ages and both seres areesPemely 
susceptible. Those who escape from getting the disease during 
epidemics do so because they escape from bite of the infected 
Sea and may not be due to any inherent resistance. The incuba- 
tion period of bubonic plague is 5-7 days and of the pneumonic 
type 1-3 days. The case mortality in the former is 60-90 per 
cent, and in the latter 100 per cent. It is almost 100 per cent, 
in the septicaemic form but very low in the cutaneous type. 

Immunity. Antibodies, lifcc aggiutinins, lysins and opsonins, 
arc formed during infection, but how far they arc protective, is 
not clear. At any rate, their formation is too late to be cSccdve 


in the large majority of cases. Recovery is usuaUy followed 
by lasting immunity. 

A certain amount of protection may be conferred on experi- 
mental animals by active immunisation. An antisenim has beea 


prepared in the horse, but its therapeutic value is doubtful. 

Diagnosis. It is necessary to be familiar with the methods of 
diagnosis of plague both in man as well as in rats or other rodents. 
The diagnosis of plague in man rests on the finding of the orga- 
nism in the materials obtainedfrom thepatiem, itsisolationand 
identification. Serology affords but lilllc aid. The Juice aspirated 
from the bubo, blood from the late bubonic and from the 
septicaemic types and the sputum in the pneumonic form will ail 
contain the organism in large numbers, fa about 5 per cent, 
of the bubonic type vesicles are developed at the site of bite Fluid 
from such vesicles also contains the bacilli. Hence, examination 
of stained smears of these materials will show large number of 
bacilli with the characteristic bipolar staining and marited pleo- 
morphism. Cultures with these materials are then made and the 
isolation of the organism proceeded with. The bmchcmiral 
activity of the isolated organism is studied and ns identity esta- 
blished by doing an agglutination test with the specific serum. 

Confirmation may also be sought by animal inoculation, 
employing a 'vh'tc mouse or guinea-pig. The material is directly 
■ooculated into the animal subcutaneously or inlrapcritoneafly. 
n It. if it is contaminated with other organisms, as it happens 
h u it is ® “ ^“*’*^‘* 
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over the shaven skin. The plague bacilli penetrate the skin but 
the contaminants do not. The animal dies in two to five days 
with characteristic post-mortem findings. 

Serology is of little practical value in diagnosis. The patient’s 
serum may give a positive agglutination reaction with the specific 
antigen in a titre up to 1 : 1(K). 

Pseudotubcrculosis of guinea-pigs and rats gives a somewhat 
identical picture. But it can be dififerentiated by the fact that 
the causative organism. Past, pseudotuberculosis, is motile at 
22” C., while the plague bacillus is non-motile at all temperatures 
and that the former is non-pathogenic to white rats. Tularaemia 
may rarely cause confusion, when isolation of the organism and 
further study will clinch the diagnosis. 

Diagnosis of Infected Rats or Other Rodents. This may be 
often required as rat falls are harbingers of human plague and a 
correct diagnosis made betimes may enable proper prophylactic 
measures to be taken before cases l^gm to appear in man. The 
post-mortem appearances in rats are characteristic: pink paws; 
single cervical bubo ; periglandular inflammation and oedema 
of neck; subcutaneous congestion and haemorrhage, especially 
of the submaxillary region; haemorrhages into the lungs, pleura, 
adrenals, kidneys and other organs, and pleural effusion. Micro- 
scopic examination reveals large number of organisms in the 
tissues, especially in the spleen and bubo. Confirmation should 
be obtained by cultural, serological and animal inoculation tests 
as described above. 

Therraoprecipitin Test, This test is particularly useful if 
the tissue has undergone putrefaction. One gram of the infected 
tissue is macerated in 5 ml. of distilled water and boiled for 5 
minutes. It is cooled and filtered. A few drops of the specific 
serum are then run on to the surface of the filtrate contained in 
a narrow test tube. Precipitation occurs at the interface in 
about 5 msnutes in positive cases. The phenomenon is hastened 
at 37” C. 

Treatment and Prophylaxis. A specific scrum has been used 
in the treatment of human cases. It is of doubtful value. Even 
so it has to be employed, for nothing should be left undone in 
such a fatal infection with no other remedy offering any hope. 
It should be given as early in the disease as possible^ in 80-100 c.c. 
doses, always intrayenously and repeated every six hours until 
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h. mechanism againsl pJagus mold appear to 

e very inefBcient. Also, the organism is veiy invasive and over- 
powers the defence forces of the body before any resistance can be 
put up. Apparently, all races, ail ages and both seaes are extremely 
susceptible. Those who escape from getting the disease during 
epidemics do so because they escape from bite of the infected 
flea and may not be due to any inherent resistance. The incuba- 
tion period of bubonic plague is 5-7 days and of the pneumonic 
type 1-3 days. The case mortality in the former is 6(3-90 per 
cent, and in the latter 100 per cent. It is almost 100 per cent, 
in the septicacmic form but very low in the cutaneous type. 

Immunity. Antibodies, like agglutinins, lysins and opsonins, 
are formed during infection, but how far they are protective, is 
not ctcar. At any rate, their formation is too late to be etfeclivc 
in the large majority of eases. Recovery is usually folloived 
by lasting immunity. 

A certain amount of protection may be conferred on experi- 
mental animals by active immunisation. An antiserum has been 
prepared in the horse, but its therapeutic value is doubtful. 

Diagnosis. It is necessary to be familiar with the methods of 
diagnosis of plague both in man as well as in rats or other rodents. 
The diagnosis of plague in man rests on tbe finding of the orga- 
nism in the materials obtained from the patient, its isolation and 
identification. Serology affords bnt little aid. The juice aspirated 
from the bubo, blood from the late bubonic and from tbe 
septicacmic types and the sputum in the pneumonic form will all 
contain the organism in large numbers. In about 5 per cent, 
of the bubonic type vesicles are developed at the site of bite. Fluid 
from such vesicles also contains tbe bacilli. Hence, examination 
of stained smears of these materials will show large number of 
bacilli with the characteristic bipolar staining and marked pleo- 
morphism. Cultures with these materials are then made and the 
isolation of the organism proceeded with. The biochemical 
activity of the isolated organism is studied and ns identity esta- 
blished by doing an agglutination test with the specific serum. 

Confirmation may also be sought by animal tnoculalion, 
emoloving a white mouse or guinea-pig. The material is directly 
3ulmed into the animal subcutaneously or inlrapemoncaBy. 
n V if it is contaromalcd with other organisms, as it happens 
■ ’ H taken from a bubo or spleen after death, it is rubbed 
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population exposed to it, everybody who is concerned with plague 
work should be immunised every year. 

Vaccine prepared in this way has been criticised. If the 
envelope antigen is the effective antigen and if it develops best 
at 37° C., the more rational method is to grow cultures for pre- 
paring vaccine at 37° C, Such a vaccine has, indeed, been pre- 
pared and greater success claimed by those who have employed 
it. A live attenuated culture has also been used for vaccination 
in certain areas, claiming still greater success rate. A live culture, 
however, may not be without potential danger. 

Pasteurella Tularensls. PasieweUa tularenxis is included by 
some authorities in the Brucella genus with the members of which 
it is serologically related. It is a small organism, 0-3-0*7;i long. 
It is capsulated in tissues and does not develop spores; it is 
non-motile. The organism is somewhat difficult to stain. It is 
Gram-negative and bipolar staining may be evident. It causes 
tularaemia. 

It is a strict parasite, occurring in large numbers in the lesions 
and blood of naturally infected animals and man. Recently, 
Past, tularensis has been repotted to be present in streams, 
thus probably accounting for the epizootics occasionally observed 
among beavers. 

Growth Requirements, It is aerobic and facultatively anaero- 
bic. Its optimum temperature is 37° C. It does not grow on 
ordinary media and cultivation is difficult. Special media, con- 
taining egg yolk, cystine, glucose, blood and agar, are necessary 
for its growth. The colonies on solid media are minute, trans- 
parent and drop-like. It has been shown recently that the orga- 
nism is capable of growing in liquid media. 

It ferments a number of sugars, including glucose, maltose 
and mannite. But this is of no differential value. 

Tularaemia is a natural plaguc-ttke disease occurring in wild 
rodents, such as rabbits, hares and ground squirrels. Hence, 
it has also to be considered in the differential diagnosis of plague. 
The disease is prevalent only in certain restricted areas in America, 
Japan, Russia, Norway and the Middle East. From the infected 
animals the infection may spread accidentally to man either directly 
through handling the infected animals or through the bites of 
ticks, flies and other blood-sucking arthropodes. The orgaffism 
possesses a very high degree of infcctiviiy and can penetrate 
S 
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recovciy takes place,’ K may a!so be given. to those who are 
proceeding for plague work.’ ' ; ■ . 

Investigations conducted by the Haffkine Institute, Bombay, 
tend to show that the sulphonainide compounds are Valuable 
3/3 the treatment of bubonic plague. 

f’rophylaxis has been aimed at breaking Ihe rat-flea-maa 
chain. The desifuction of rats has bwn tried with but Uttlc 
success, as they muhiply with enormous rapidity. A more 
hopefai measure is to render aH buildings in the endemic area, 
sffch as dweiiing houses, godowns, shops and granaries, 
unsuitable as rat habitat. Simiiariy, ah merchaat vesseis touch* 
ing ports in or near the endemic area sbouJd have rat-proof 
arrangements. When coining from any infected port, ships 
should be put under strict quarantine and all protective measures 
taken before aliotWng them to enter the port. 

Fleas thrive where filth and shcJJer are easily available. 
Hence, household cleanliness is important as a prophylactic 
measure. Cases of bubonic plague may be treated in a general 
ward provided 6/ood sucking vermins, including fleas and bugs, 
are carefully excluded from all beddings and cots. Those who 
attend on cases of pneumonic plague should protect themselves 
against droplet infection. 

Gcnerai preventive measures, such as evacuation of dwelling 
houses, isolation of the sick, removal of overcrowding and aUen- 
tion to personal hygiene, should all be taken. The isolation of 
ihe sick, however, is only of restricted value in controUieg the 
spread of bubonic plague, as man is not directly infectious to 
man and as fleas do oot gcnecaHy infest him. But isolation h of 
supreme importance in the pneumonic type. 

The protection of tfae individual by active immunisation is 
<jf value, fn the HatTkine's method of preparing vaccine, suitabit 
strains are grown in digest broth for four weeks at 27'’ C. and 
killed by heat at 55® C. for fifteen minutes. To this is added 
0'5 pet cent, phenol as a preservative. The vaccine is tested for 
sterility and standardised by the mouse protection test. The 
dosage for adult is 4c.c., given in a siogle dose subcutaneously. 

The dose for children less, proportionately to their age, A 
certain degree of immunity is developed which lasts for some 
months to a f® varying degrees it wards off the disease 

cr modifies it in favour of the individual- .Sesides the goneral__^^ 
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population exposed to it, everybody who is concerned with plague 
work should be immunised every year. 

Vaccine prepared in this way has been criticised. If the 
envelope antigen is the effective antigen and if it develops best 
at 37® C., the more rational method is to grow cultures for pre- 
paring vaccine at 37® C, Such a vaccine has, indeed, been pre- 
pared and greater success claimed by those who have employed 
it. A live attenuated culture has also been used for vaccination 
in certain areas, claiming still greater success rate. A live culture, 
however, may not be without potential danger. 

Pasteurella Tularensls. Pasteurella lularenm is included by 
some authorities in the Brucella genus with the members of which 
it is serologically related. It is a small organism, 0-3-0-7;i long. 
It is capsulated in tissues and does not develop spores; it is 
non-molile. The organism is somewhat difficult to stain. It is 
Gram-negative and bipolar staining may be evident. It causes 
tularaemia. 

It is a strict parasite, occuning in large numbers in the lesions 
and blood of naturally infected animals and man. Recently, 
Past, tularensis has been reported to be present in streams, 
thus probably accounting for the epizootics occasionaUy observed 
among beavers. 

Grontb Requirements, It is aerobic and facultatively anaero- 
bic. Us optimum temperature is 37® C. It does not grow on 
ordinary media and cultivation is difficult. Special media, con- 
taining egg yolk, cystine, glucose, blood and agar, are necessary 
for its growth. The colonies on solid media are minute, trans- 
parent and drop-like. It has been shoivn recently that the orga- 
nism is capable of growing in liquid media. 

It ferments a number of sugars, including glucose, maltose 
and manniie. But this is of no differential value. 

Tularaemia is a natural plague-like disease occurring in wild 
rodents, such as rabbits, hates and ground squirrels. Hence, 
it has also to be considered in the differential diagnosis of plague. 
The disease is prevalent only in certain restricted areas in America, 
Japan, Russia, Norway and the Middle East. From the infected 
animals the infection may spread accidentally to man either directly 
through handling the infected animals or through the bites of 
ticks, flies and other blood-socking arthropodes. The organism 
possesses a very high degree of infeedvity and can penetrate 
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through the intact sJcin or roucous membrane; consequently, 
risks of laboratory infection are also very great. Due to its high 
invasiveness, septicaemia is vcty frequent, especially in the early 
stages of the illness. The organism does not produce any 
cjtotoxin. 

Antibodies, especially agglutinins, are developed in the 
sick person and are present in the blood in bigb concen*”*-- 1 . 
Hence the agglutination reaction may b<’ ‘ . ' : ' ; 

It should be remr^^r'.’ * ‘ .• : . 

Past tutaretrsis . ■ 4' ■ • , uwui. Also, exudate 

from ulcers or • ^ puuciurc juice may be inoculated into 
guinea-pigs or mice which will develop the condition. 

Fastcurclla Pscudotubcrcolosis. This organism is respondble 
for a tuberculosis-like disease in rodents, especially the gmnea- 
pig and rat. it resembles very closely the pestis bacillus, but 
unlike the latter, iC is motile and flagellated at lS*-2d“C. 
tends to turn litmus milk alkaline. Another dIffcfCDtialtflg 
feature is its low pathogenicity for white rats. It shows marked 
cross agglutination with Past, pestis. A few cases of human 
infection with it have been reported. In any diagnostic inocu/s- 
Ijon of guinea-pigs, the possibility of a natural infection of the 
animal with this prpnism should be kept in view. 



CHAPTER XXV 


BRUCELLA 

The organisms belonging to tbe genns BruceUa are minute, 
T5on-sporing, usually non*motilc, Gram-ncgativc rods which 
may even appear coccoid, possessing no fermentative activities 
on carbohydrates. They arc aerobic or microaerophiUc, They 
are strict parasites, occurring in animals and man. 

The following spedes of human and veterinary importance 
are contained in this genus: BruceUa melilcnsis, BruceUa abortus^ 
Brucella suis and Brucella bronchiseptica. They are naturally 
parasitic on domestic animals, like sheep, goats, cattle and 
pigs: tbe first three spedes came septicaemia and spoataaeous 
abortion in these animals and uaduleat fever m man. Though 
classified as separate species, tfa^ display close similarity in their 
morphology, physiology and pathogenic properties. It is not 
unlikely that they had a common ancestor but have now come 
to show certain differences because of their long sojourn in, and 
adaptation to, different animal species. Br. bronchiseptica differs 
from the rest in being motile with peritriebate flagella. Originally 
described as the cause of canine distemper, it was subsequently 
shovm to be only a secondary invader m this disease which is 
.now accepted as viral in origin. The inclusion of Br. bronchi- 
sepiica in this genus is only tentative and may require revision 
in the light of future studies. The organism of tularaemia. Past, 
tuhrensis, is included in this genus by some workers owing to 
its close morphological and serological relationship with the 
.BruceUa organisms (p. 499). 

Brucella Melitensls. Br. melitensis was first isolated by 
Bruce in 1887 from tbe spleen of patients suffering from an 
undulent type of fever (Malta fever) at Malta. It was subsequently 
shown to be a natural parasite of ^ats and sheep, in which it 
often causes a septicaeroic type of disease with spontaneous 
abortion. 
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Ecology. It is a strict parasite, naturaiiy occumng in sheep 
and goats. It is present in infected soil and pasture. The 
organism is also found in the lesions of Malta fever. 

Morphology. Br. melitensis is a liny delicate bacillus 0'6- 
l-2ft long by O-dp broad, with straight axis and rounded ends. 
Coccoid forms and longer forms up to 2 microns may be observed ; 
coccoid forms are much more frequent in this than in the other 
species. Usually arranged as single discrete elements, short 
chains also may rarely be seen. It is non-motilc and docs not 
develop capsule or spores. It stains easily; it is Gram-negative; 
bipolar staining is common. 

Grotrth Requirements. Br. meliiensis is rather exacting in 
its nutritional needs nnd liver infusion seems to contain the neces- 
sary growth-promoting factors. From studies of its growth condi- 
tions in amino acid synthetic media, the organism is seen to 
require nicotinamide, thiamine and pantothenic acid. Br. meli- 
lensis is an aerobe; growlh does not occur under strict anaerobic 
conditions. Though not necessary for growth, 10 per cent. COj 
improves it. Although active multiplication occurs between 20* 
and dO*C. it does so best at 3T°C, It grows well between 
pH 6-6 and 7'4. 

Cultural Characters. Although growth occurs ou all media, 
it is rather slow and never profuse. As roentioued above, better 
growth can be obtained oo liver infusion agar. The addition of 
glucose also improves growlh. The organism grows on 
MacConkey’s agar. On agar small, round, convex, greyish 
colonies, about 0-5 mm. in diameter, are developed in 24~4S 
hours. Later a brownish coloration may develop. This is 
more marked on potato. The colonies arc easily emuIsifiaMe. 
Growlh in broth is poor, causing but slight turbidity and late 
light deposit; no pellicle is fonned. In old broth cultures the 
deposit is very viscous and difficult to break; the reaction is 
highly alkaline, pH 8 -0 or higher. 

Biochemical Reactions. Uevinccs no fermentative properties; 
no radoJe is fonned, nor gelatin h'quefied. Litmus miUt is slowly 
turned slightly alkaline. Nitrates and often nitrites are reduced. 


Resistance. Br. 
injurious agencies. 


meifte/tsis iiai oulj vx-a — j : • ' 

It perishes in tea minutes when exposed to 
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moist heat at 60® C. . It is readay destroyed by pasteurisation. 
It has been found to fcmain alive in dust up to 44 days and in 
soil and water up to ten weeks or longer. It resists desiccation 
for two to three months. Cultures remain viable for several 
months. Br. meliiensis resists the action of certain dyes, like 
basic fuchsine and thionin, in high dilutions, a property made 
use of in the differentiation of species. (Refer Table XVII). 

Antigenic Structure, The Brucella organisms in their smooth 
phase possess two chief O antigenic components, designated M 
and A. Their exact chemistry is not known. The relative pro- 
portion of each of these varies in different species ; the M fraction 
predominates in Br. mebtensis and the A fraction in Br. abortus, 
whereas in the porcine type, Br. surs, they are more balanced with 
slight preponderance of the A component. Rough variants 
do not show the presence of these antigens and are not agglutinable 
by antisera prepared against smooth strains. 

Variation. Under arti6cia! conditions the Brucella organisms 
undergo rather slow dissociation of the S-R type. The trans- 
formation is associated by a gradual loss of immunological speci- 
ficity and virulence and a progressive acquisition of the property 
of non-specific agglutination. The non-recognition of this fact 
has led in the past to the erroneous creation of separate serological 
types, like Baramelitensis and Paraabortus, which were really 


TABLE XVH 

Classification of Brucella Group 


Species 

c 

1 

'5 

s* 

d 

u 

HjS production 

Growth in presence of 

Basic 
fuchsin^ 
1: 25.000 

Tbionin 

I: 30,000 

Methyl 

Violet 

1: 100,000 

pWliW 


- 

-h 
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+ 

-f 



+ 

wflH 


± 





i “Variable; the American type produces HtS but not 
most of the strains found in Denmark. 
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strains m the transition and rough phases, giving partial or no 
agglutination with sera prepared against smooth strains. These 
points are of great practical significance and should be kept in 
mmd when doing identification tests with sera, in order to avoid 
false positives due to spontaneous agg)atination. It is imperative 
that only known smooth cultures are employed in serolodcal 
tests. 

Toxin Production. No difibslble toxin is synthesised by this 
organism. The endotoxin is presumably responsible for the 
toxic effects. 

Pathogenicity. Animals arc the primary victims of BruceHa 
infection and from them man is secondarily infected. These 
organisms are highly invasive to their respective hosts. Sr, 
mclitensis appears to be the most and Br, abortus the least infective 
to man. Br. melitensis causes a natural scpticaemtc infcctloa 
in goats, sheep and rarely cattle and undulent fever {Malta fever) 
in man. Its infectivity to man is very high. 

Experimentally sheep and goats can be readily infected and 
the disease so induced exhibits the same clinical course as the 
natural disease. Spontaneous abortion is the most obvious 
clinical manifestation of the infection, experimental or natural, 
although it is not necessarily an invariable event. Experimental 
infection of the common laboratory animals may not be so success- 
ful as in domestic animals, but guinea-pigs, rabbits, rats, mice and 
monkeys may be infected; of these, the guinea-pig is tbcmst 
susceptible. The reports regarding the relative virulence of the 
different Brucella strains to the laboratory animals are confi/cting. 
To the guinea-pig, probably, Br. abortus is the least and Br. suis 
the most virulent. Br. abortus is less virulent to monkeys than 
Br. melitensis, whereas the swine type resembles the latter in this 
respect. In monkeys Br. melitensis causes an almost identical 
condition like Malta fever. 

Brucella Abortus. Br. abortus (Bang, 1897), the organism of 
contagious abortion in cattle, is morphologicaUy indistinguishable 
from Br. melitensis, except that it is slightly longer and more 


bacillary. 

A high carbon dioxide tension, 5-10 per cent., is obhgatoiy 
for the growth of Br. abortus', but by serial subcultures it can 
hfi trained to grow in the ordinary atmosphere. It is inert on 
sugars but produces a brownish pigment on potato. The abortus 
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bacillus and some of the porcine strains, unlike the meliteosis 
bacillus, produce hydrogen suiphidc. This can be determined 
by the use of lead acetate paper, Br, abortus is inhibited by 
thionin but not by fuchsiac, whereas Br. suis is inhibited by 
fuchsjne but not by thionin, (Refer Table XVH). 

Br. abortus causes contagious abortion in cattle and marcs 
and infects humans in whom no abonion but an undulcnt type 
of fever, called abortus fever, is caused. 

Br. abortus gives rise to tubcrclc-Uke lesions in the guinea- 
pig. The organism is also present in the milk of infected cows. 
These facts are of importance and, unless kept in view, mistakes 
arc likely to be committed when testing milk for the presence of 
the tubercle baciilns by guinea-pig inoculation. 

Brucella snis. Two types of porcine strains, the American 
and the Danish, have been described. In morphology they resemble 
the abortus type. Thionin docs not suppress the growth of both 
types, but fuchsine does. Growth is not improved by carbon 
dioxide. While the American type produces hydrogen sulphide, 
the Danish type does not. Br. suis is a strict parasite, occurring 
in pigs and man. The porcine type of undulcnt fever is more 
serious than the cattle type. Rr, ^o£j may rarely infect cows. 

Brucellosis is primarily a disease of animals, Br. mtlitetisis 
being responsible for it in goats and sheep, Br. abortus in cattle 
and marcs axxl Br. suis in pigs. Br. mehtensis infection has also 
been reported m cows and £r. abortus in sheep and goats. In 
these natural hosts, the disease is septicaemic in nature and may 
cause abortion in the female. The disease may also be chronic 
or the infection may remain ioapparent. The excretion of orga- 
nisms from the infected animal occurs in milk and urine. It may 
be sudden, transitory or lasting for weeks. The organism is 
found in large numbers in the uterine discharges of aborted 
animals. Through these manure and pasturage may be readily 
infected and in tben? the organism can remain viable for weeks. 
This is probably the chief method of spread among anunals. 

Undulcnt fever is a world wide disease and is found only in 
assodaUon with sheep, goals, cattle and pigs. But its prevalence 
is not so extensive as one would suppose from the large numbers 
of these animals existing eveiywIwTe. U is present in this country, 
but to a limited extent. Human infection from pigs is very rare. 
There is a seasonal fluctuation in the icddeoce of undulcnt fever. 
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the peak period corresponding to the months of fem&isg or 
caiving and abortion. The spread of infection to roan roay occur 
m severs? ways,* (be consumption of infected milk and roilkpio* 
ducts is the most common. As in animals, man is also readily 
infected vfa the aKroemary tract. Contact with the infected 
animals, dead or alive, and infected manure may serve to iransiuji 
infecdon. Hence, butchers and other eroplpyees of slaughter 
houses, vetermary doctors and attendants and farmers are parti* 
cufariy liable to infection this means. This is the more ini' 
portant mode of spread in the porcine type. Rarely infection 
may be contracted through handling cultures in the laboratoiy; 
many cases of such infection are on record. The infection can 
probably pass through the unbroken skin. The disease is pro- 
bably more frequetrt in the rural than in urban areas. lufacts 
and children are less affected than adults ; females seldom get the 
infection, probably because opportunities for contracting it are 
less in them. 

The incubation period Is not definite ; according to some B 
may be from 8 to 14 days, while others report that it may \'aiy 
from a few days to several months. Malta fever is more serious 
than abortus fever; it is also more infective. Latent infection 
with Sr. abortus seems to be common, as judged by the presence 
of agglutinins in the blood of persons with no histoiy of abortus 
fever, particularly in those coming in contact with cattle. The 
porcine type is less frequently transmitted to man but almost 
equally virulent to him as Br, mehtensis. Undulent fever due to 
abortus infection is the least serious of the three. The BrucrUo 
organisms are very invasive and undulent fever, as a rule, is a 
generalised infection; the organism can be isolated from the 
blood, especially in the early stages of the illness and during the 
period of rising temperature in a pyrexial bout. It is also excreted 
ia the urine, hfalta fever has a particularly prolonged course. 
The mortality is low even in the more serious roeUtensis type; 
may be about 2-3 per cent. 

Immtttdty* Antibodies, like agglutinins and immune opso- 
nins are developed during the disease. An allergic sensitisation 
also^ develops; it is more pronounced in this infection than in 
manv other bacterial infections. Recovery from an attack is 
followed by immunity of fairiy solid and lasting nature, but 
subsequent attacks may occur. 
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Diagnosis. The Uboratoiy diagnosis of undulcnt fever is 
rather difficult. It is based on the tsoiation and identification of 
the organism from the bJood or ttrioe and on the demonstration 
of specific antibodies in the patient’s serum. The latter is by no 
means conclusive. 

Blood culture must be done during the course of a pyrexial 
wa\^, preferably during its height. As the organism may be 
relatively scanty, not less than 10 cjc. of blood should be with- 
drawn and 5 c.c. added to each of two flasfcs containing 100 c-c. 
of glucose broth or liver infusion broth; one is incubated under 
ordinary aerobic condition and the other in 10 per cent, carbon 
dioxide tension. Growth is slow and may take several days; 
hence subcultures at 2-5 days interval should be done and no 
negative report should be sent before three weeks. For sub- 
cuUure hver infusion agar or tryptose agar may be used. The 
culture of material from spleen puncture may likewise be attempted 
The organism is excreted in the urine, but it is intermittent. 
Hence, unne should be repeatedly cultured for three days 
during the ascending phase of fever, using morning specimens. 
Gentian violet, added to the medium in a concentration of 
I ; 100,000, will help in the isolation of the abortua bacillus by 
suppressing the grovrih of other bacteria. The identification of 
the isolated organism is based on Us carbon dioxide requirement, 
hydrogen sulphide production, resistance to dyes and serology. 
Where possible monospecific serum should be used in the sero- 
logical identification. 

Serolo^cal Methods. Agglutimns arc usually found in 
blood in appreciable litres by the fifth to eighth day after the 
onset of the illness. Their concentration increases rapidly and 
litres above 1:640 arc quite common; often 1:5120 or higher 
is obtained. Hence high dilutions of the patient’s serum should 
be put up. It may be rcmcmbeKd that the bacterial antigen 
should be prepared from a smooth culture. The occurrence of 
prozonc phenomenon is very common in this and should be kept 
in view when reading the result. Fosilivc agglutiuation results 
are often obtained earlier than positive cultures owing to the 
slowness of growth. 

Normal people may show in theii blood agglutinins against 
the Brucella organisms up to a tittc of 1 : 25. Normal contacts, 
like breeders of livestock, reterinarians, butchers and dairy 



508 


A textbook of BACTERIOTOGY 


woricers, may contain agglatinins up to a titre of 1 : 100. Tlicse 
may cause confusion. Further, patients not' seldom develop 
group agpiutinins almost to the same titre as the specific aggluti- 
ur a ^ occurs, absorption tests have to be done to esta- 
ish the diagnosis. A small proportion of pitieats cntirdy fill 
to develop agglutinins throughout the course cf the disease, aad 
so a negative reaction does not always exclude Brucella infection. 
Again, in certain diseases, Ukc typhoid fever, tuberculosis and 
tularaemia, agglutinins have been found to develop against the 
Brucella organisms. Furthermore, anamnestic rise in titre may 
also occur. Thus, all the BWcultks encountered in the inter- 
pretation of the Widal results are likewise present in the inter- 
pretation of the results of agglutination test in bniccUosis. From 
what has been said above it will be obvious that a titre of 
1 1 100 or less has little diagnostic value. A progressive increase 
in the litre is the surest test and should be the guide. However, 
n fairly high litre for one type, such as 1 : 320, may be taken 
as diagnostic, when the titres for the other types are relativdy 
low or absent. 

The complcment*fixation and precipitation tnts may be 
positive, but they are impracticable as routine measures. An intra- 
dennal allergic test, brueeUin test, has been developed; the 
antigen employed is the tiftnitc from a twenty days' broth culiuie 
after stcriJfsation by heat ; 0- J c.c. of it is inoculated imradermally ; 
in positive cases a local reaction, consisting of erythema and 


induration, occurs in 24-48 hours. 

Diagnosis in Animals. The organisms are found in larp 
numbers in the uterine discharges and aborted faetuscs, less ia 
milk, Wood and urine. The isolation of the o^ending microbe 
from sbese ^ateiiais and its identification should be followed on 
the same lines as described above. If the animal is dead, culture 
of spleen pulp may also be done. The addition of gentian violet, 
3 ; 300,000, to the medium (with a pH of 6'6) will BreztJy fadUiate 
the isolation of Br. aborrus by a selective inhibition of the con- 
comitant organisms: the cultuw should be incubated in an 
atmosphere of 5-10 per ceat. carbon dioxide tension. The intra- 
peritoneal inoculation of guinea-pigs with suspect^ milk may 
L resorted to for the isolation of the orsaalssa. The ammal is 
trUled after a month and cultures made from the blood, spleen or 
inSnal organs. Agglutination test with the animal's 


BRUCELLA 


509 


isenini and milk (Zammit’s test) and the abortin test are also 
helpful. 

Treatment. Vaccine treatment may be tried but is of doubt- 
ful value. Treatment with antiserum has not yielded encoura^ng 
results. The dose is 50 c.c. per day, repeated for five or six days. 
Sulphonamide does not hold out much hope in the treatment 
of undulent fever. 

PropbylaTds. The destructioQ of infected animals or their 
segregation from the herd may help to reduce the incidence of 
the disease. General methods are avoiding contact with infected 
animals and adequate sterilisation of milk by pasteurisation or 
boiling. The latter is probably the surest method. Prophylactic 
vaccination has been tested with unsatisfactory results. A live 
attenuated vaccine has been tried in the immunisation of cattle, 
but it is too risky for man. 

Bmcrila BroncMseptica, This organism is hardly distingui- 
shable morphologically front Bt. abortus, except that it is motile 
by means of peritrichate flagella. It is anaerobic and does not 
produce hydeogea sulphide. It forms a hacmolysin. Br. bronchi- 
sepitca is serologically related to the other Brucellas but can be 
separated from them by the agglutinin absorption technique. 
Morphologically and serologically it is also closely related to 
H, pertussis and so some authorities place it in the genus Haemo- 
philus. It was originally isolated from canLoe distemper and 
considered for a long time as its cause. But now it is regarded 
only as a secondary invader in this disease, the primary cause 
being a virus. It causes bronchopacumonia in guinea-pigs and 
rodents. 


CHAPTER XXVI 
HAEMOPHILUS 


The ftamaphllm organisms arc minute, rod-shaped «hj, 
often markediy pieomorphic. non-motile, non-spore-foming sod 
Gram-negative, They are strict parasites, requiring, in general, 
serum or ascitic fluid for growth- Some species also rcQuire 
for growth certain accessory food factors present in haemoglohio 
and some vegetable tissue (sec below). 

Tlus genus contains several species of medical interest.' 
Haemophilus influenzae including the hacmoljiic strains which are 
sometunes classified as a separate species— /f. hamalyiicusi 
Haemophilus parainfluensaet found in the upper respiratory tract 
of man and cat, requires the V but not the X factor for growth; 
and Haemophilus pertussis, the causative organism of whoopia? 
cough. Two other closely related species, Haemophilus suis 
(H. influenzae suis) and Haemophilus cmis (H. haemogtobinDphilus)^ 
are found in domestic animals. Ducrey’s bacillus of soft sort, 
Haemophilus ducreyi, and the Morax-Axenfeid bacillus, HaemO' 
pfiilus duplex, are also included In this genus. In view of the 
fact that some of these species will grow in the absence of haemo- 
globm, no real justification can be given for their Inclusion in 
this genus. Many authorities do not consider KochAVeeics 
bacillus as distinct from ff. influenzae', Bergcy uses these lenns 
synonymously. Allusion has been made in a previous chapter 
that some authorities include Br. bronchistptica in this genus 
because of its close similarity to H pertussis. 

Haeraophilas lafluenzae. H, influenzae was first isolated by 
Pfeiffer in 1892 from the sputum of influenza patients and it was 
for a long time regarded as tbe cause of influenza. It is com* 
monly known as Pfeifier's baciUus. As its causal relation to 
influenza has been disproved, the name H. influenzae is misleading 
and requires revision. 

Habitat. It is a strict i^astte found in tbe normal upper 
respiratoiy tract of man and in lesions caused by the organism. K 
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should not be confused with an Identical parasite found in the 
respiratory tract of pigs, Hs suis, or with another present in the 
preputial secretions of dogs, H. cmis. 

Morphology and Staining. The influenza bacillus is one of 
the smaUesl pathogenic bacteria, “nie cells are very tiny, slender 
rods, I '5^ long by 0'3fs thick, with rounded ends and occurring 
iasingles, pairs and occasionaUyio short chains. Pleomorphism is 
amarfced feature, showing at tunes long bacillary and thread forms. 
This irregularity is a striking feature of this species. The strains 
isolated from pathological lesions show a preponderance of the 
coccobacillary forms. And some people regard these forms 
as the typical and the longer strains as the atypical forms. The 
organism is non-motile and does not form spores. Some strains 
are capsulated. H. influenzae does not take stain readily. Pro- 
longed staining with dilute carbol fuchslne gives the best result. 
Both in the Gram’s as well as in the acid-fast method the primary 
stain is lost. 

Growth Requirements. H. influenzae is aerobic and faculta- 
tively anaerobic. Some strains are incapable of growing under 
asaerobic conditions. Actii'e growth and multiplication occur 
between 26® and 43® C., the optimum temperature is 37® C. 

Pfeifler’s bacillus is a fastidious organism and requires two 
accessory factors, X and V, for us growth and metabolism. These 
essential growth-promoung substances arc present in whole blood 
and certain plant tissues. The V factor, so called because of 
its similarity to vitamin, is found plentifully in yeast and potato. 
It is destroyed by heat at 120® C. in 30 minutes, whereas the X 
factor withstands this temperature. The V substance is also 
formed by many organisms, for ejcample Staph, aureus. The X 
factor iS contained in haeroatin or is probably identical with it. 
These factors probably play a part in the respiratory processes 
of the microbe. The role of the X substance is probably in the 
synthesis of peroxidase and catalase. The atypical strains require 
only the V factor for growth. Because of its fastidious nature, 
PfeifTet’s baciEus will not grow on ordinary media. The addition 
of blood to these will promote growth, as indicated above, 
because it contains both the X and V factors. Heated blood is 
preferable, since by this haemoglobin is converted into haematin, 
thereby enhancing its value for growth. Heating blood agar for 
one to three minutes at 100® C brings about this result. In 
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Fiides’ medium blood, previously digcsied wilb pepsio, badicd 
to agat or broth. 

Coltoral Ci&r&cters. On heated blood agar mediuni (choco- 
late agar) the orgaaism develops into sataW, pia poiaf, diicrctc^ 
imnsparcot cohsics. In the flcighbovrbood of stapbylococcal 
colonies, Pfeiffer^s bacillus grows luxuriantly, developing into 
larger more opaque colonies, snuUltism^ owing to lb fact that 
ihe sr^p^y/ococcus e/n6orales the V factor during growth and 
liberates it into the surrounding medium. Growth in fluid media 
results in slight uniform turbidity. The atypical forms may give 
a floccuicnt deposit with little or no turbidity. 

Biochemical Actirlty, The activity of Jf. tnjiuenzae in 
this respect is limited ; it has not been fully studied. Add 
•without gas is produced in glucose; maltose, saccharose and 
laevulose arc irregularly attacked, probably more frequently 
by rough and atj^ical strains. Mannite sod lactose are never 
fermented. The typical strains (about 40 per cent.) produce 
indole. The haemolytic strains arc practicaHy always do»' 
indole-producers. 

Resistance. The usual antiseptic agents kill the Influenza 
bacillus readily. Heat at 55* C. destroys it in thirty mmutes. 
Cultures die out soon and for prcsen’at/ou subcultures must be 
made every four or five days. HJnfiuenzae withstands the action 
of peniciUui nod in fact, it may be recalled, this was one of die 
earliest ofasemtioas made regarding the resistance of certain 
or^tusms to peniciflin. 

Antigenic Structure. The members of this species do not 
constitute a bomogeneous group. They fall into two subgroups— 
the smooth and the rough. Six serological strains, named from 
a to arc recognised among the smooth type; most of them are 
eapsulated and specificity among them seems to depend upon a 
polysacetorids snrtaec afltigeas pK>bahly of lie capsule, lie 
strains isolated from cases of ioiiuenaal meniogiiis, witicli are 
^encraSiy very vioilent, are usually of type t. As indicated by 
crass aggtatiaatioii, some of these types art ImmunoiogicaBy , 
related to certain types of pnetauococci. The rouph type is far 
more commonly present >o the oormal throat than the smooth 
type; the former is also antigenically heterogeneous. A protein 
suStance, common to raost stains of S. In/tucnzae, bos been 
recently described— the M fraction. 
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Toxin Production, No dtifusible toxin is elaborated by the 
influenza bacillus. The cell substance is presumably the toxic 
factor. 

PathogenicUy. Experimental inoculation into monkeys has 
been reported to be successful, producing an acute respiratory 
condition resembling influenza, when the organism is introduced 
through the nose. Similar experiments on man have, however, 
proved largely unsuccessful. Massive doses, administered into 
the peritoneum of the usual laboratory animals, will kill them 
in 2<M8 hours, probably by toxaemia. 

H. influenzae produces natural infection only in man. The 
primary cause of epidemic influenza is a virus, and Af. wfiutnzae 
probably plays only a secondary rote in its pathogenesis. It is 
considered to be responsible for the secondary inflammatory 
lesions occurring in this disease. The organism is found m large 
numbers m the sputum and the respiratory discharge of a large 
majority of cases of influenza. In association with the strepto- 
coegus, pneumococcus and other pathogens, Pfeifler's bacillus 
occurs iR ncR'influeRzal inflamiRatory and catarrhal lesions of the 
respiratory tract and lungs, such as bronchopneumonia, abscess, 
empyema, bronchiectasis and others. Not infrwjuently, it is pre- 
sent in diseases like whooping cough, measles and tuberculosis. 
How far its presence in these various lesions is but a mere refle- 
ction of its normal existence as a parasite in the respiratory tract 
or to what extent is it contingent on the virulence of the organism, 
is not clear. Probably its virulence can have play only when there 
is a previous lowering of local resistance. This germ is also 
associated with sinusitis, otitis media, meningitis and ulcerative 
endocarditis. Meningitis due to this organism is very fatal ; the 
cellular response is ofien meagre and large number of bacilli are 
present in the cerebrospinal fluid, often in clumps. The occurrence 
of influenzal meningitis indicates that the organism tan in- 
dependently cause disease m man. 

H. injluemae also causes epidemic catarrhal conjunctivitis. 
No separate description of Koch-Wceks bacillus is neccssaq^ as 
there is no point of difl’ercncc between it and PfeiBTer’s bacillus- 
The eye strains do not grow in the absence of the X and V factors- 
The organism was first observed in the eye lesions by Koch in 
Egypt and Weeks in New Vorit. It is now accepted as the 
cause of one type of epidemic catarrhal conjunctivitis. It h found 

23 
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Hides' medium blood, previously digested with pepsio,i!ad« 
to agar or broth. , 

Coital Characters* On heated blood agar mediuni (cJjwo- 
late agar) the organism develops into small, pin point, tete, 
transparent colonics. Jn the neighbourhood of staphylococcal 
colonies, Pfeiffer’s bacillus grows luxuriantly, developing into 
larger more opaque colonies, satellitismy owing to the fact that 
the staphylococcus elaborates the V factor during growth and 
liberaCcs it into the surrounding medium. Growth in fluid media 
results in slight uniform turbidity. The atypical forms may give 
a ffocculent deposit with little or no turbidity. 

Biochemical Acfirity* The activity of H. inJJtienzae in 
this respect is limited; it has not been fulJy studied. Acid 
without gas is produced in glucose; maltose, saccharose acd 
laevulose are irregularly attacked, probably more frequently 
by rough and atypical strains. Manniie and lactose are never 
fermented. The typical strains (about 40 per cent.) produce 
indole. The haemolytic strains are practically always non* 
indole-producers. 

Resistance* The usual antiseptic agents kill the inflarars 
bacillus readily. Heat at 55* C. destroys it in thirty minutes. 
Cultures die out soon and for preservation subcultures must be 
made every four or five days, H.infiuenzae withstands the action 
of penicillin and in fact, it may be recalled, this was one of the 
earliest observations made regarding the resistance of certain 
organisms to penicillin. 

Antigenic Structure. The members of this species do not 
constitute a homogeneous group. They fall into two subgroups— 
the smooth and the rough. Siv serological strains, named from 
a to / are recognised among the smooth type ; most of them arc 
capsulated and specificity among them seems to depend upon a 
polysaccharide surface antigent probably of the capsule. The 
strains isolated from cases of influenzal meningitis, which arc 
generally very virulent, are usually of type b. As indicated by 
cross ag^utination, some of these types are immunologically , 
related to certain types of pneumococci. The rough type is far 
more commonly present in the normal throat than the smooth 
type* the former is also antigenically heterogeneous. A protein 
substance, common to most strains of wfiuenzae, has been 
recently described— the M frartion. 



HAEMOPHILUS 


515 


be used as in the staining of Pfwffcr’s bacillus (q.v). It is Gram- 
negative and frequently shows a tendency to polar staining. 

Growfli Requirements. It as a strict «ierobe. Tfce optimum 
temperature is 37" C. It is less haemophibc than H. influenzae* 
Neither the X nor V factor is necessary for its growth. 

Cultural Characteristics. H. pertussis does not grow on 
ordinary media. The special medium devised by Bordet and 
Gengou is necessary for at least primary culture. Even on this 
growth is slow; the colonics appear as small, round, greyish 
white and dome-shaped, resembling split pearls or mercury drops. 
The growth is sticky and tenacious due to the presence of a mucoid 
substance. On blood agar the colonics arc surrounded by a 
narrow zone of haemolysis. By repeated subculturing the orga- 
nism can be trained to grow on ordinary media. After adaptation, 
growth in broth gives rise to turbidity and later ieavy, ropy, 
sediment and Seating strands. 

Biochemical Activity. The pertussis bacillus is biochemically 
inert. It has no action on carbohydrates. It does not form 
indole nor liquefy gelatin. It is weakly haemolytic. 

Resistance. Its resistance to adverse .agencies is not high. 
Heat at 55® C. kills the pertussis bacillus in 30 minutes. Unlike 
H. infiaenzaii it is fairly resistant to cold. Penidllm does not 
inhibit its growth and this properly may be utilised to prepare 
selective media for its isolation. 

Antigenic Structure. H. pertussis in the normal smooth phase 
is immunologically homogeneous. Four phases, 1, II, III and IV, 
have been described. These represent probably successive stages 
in the way to rough dissociation. Serologically there is not much- 
difference between H. pertussis and H. parapertussis recently 
described from the late stages of whooping cough. The pertussis 
bacillus displays serological affinity with Br. bronchiseptica. 

Variation. Strains freshly isolated during the catarrhal stage 
are in the normal smooth pbMC. On subculture they undergo 
dissociation. This is accompanied by loss of virulence and changes 
in antigenicity. Four phases have been described as occurring ia 
the course of such dissociative changes {see above). The ' * 7 ^ 
rough variants are non-hacmolyticv an 

virulent. Strains isolated during es of the 

(the so-called ff. parapert ' ay in the 

^^mooth phase. 

A 
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m large uurobers in ihe iesionsand discharges, both extacelMarly 
fn r“ Transmission is through direct contact with 

infected hand, towels, bandkeichiers and the like. 

Immunity. Not much is known about immunity against 
H. influenzae. Antibodies. like agglutinins and cotnpIcmBit- 
tixing antibodies, are prodnced and found in tbe Wood in 
infections with this organism. 

Lf. parainfluenzac is another related species cioseiy resembi/ag 
the influenza bacillus; it h also present normally in the upper 
respiratory tract of man. It has been isolated from some of the 
above mentioned lesions; many of the strains isolated from endo- 
carditis were of this type. 

ff. suis or the swine influenza bacillus, in conjunction with a 
virus, appears to be lesponsiWc for swine influenza. It resembles 
Pfeiffer’s bacillus and like this requires both X and V factors for 
its growth. Though H. canis^so resembles H. injiuenzae in several 
respects, it can grow in the absence of tbe V factor but not of tic 
X factor. 

Diagnosis. Stained smears of sputum or discharge show tbe 
fine Grain*negatjvc bacilli in large numbers, oflen within tbt 
polymorphonuclear cells. Finding these in the ezudatc from 
eyes in conjunctivitis or in tbe cerebrospinal fluid in mcningUh 
is practically enough for diagnosis. Dilute carbol fuchsine is the 
stain of choice. Culture of the organism on cbocobte agar or 
Fildes* medium, followed by its isolation and identification, may 
be proceeded with, when coasirfered necessary. Penicillin, by 
inhibiting the growth of other organisms, is useful for rapid 
isolation and may be employed. 

Treatment. Pfeiffer's bacillus is also included by some 
workers in vaccines prepared in the treatment of chronic respira- 
tory infections. Us usefulness has not been established. 

HaemopWtas Pertussis (Bordet-Geogon Bacillus), /f. per- 
tussis (L., whooping cough) was isolated by Bordet and Gengou 
in 1896 from the sputum of cases of whooping cough. 

^^OJpbology. The pertussis bacillus is slightly thicker and 
more oval than the influenza badllu^ 1-5 X 0‘5;i. It is also 
much less pleomorphic than influenzae and docs not show the 


latter's tendency to • , a 

Pr«hlv isolated strains may sboWcapsule. It js non-motjJe and 
is not easy and the same method has to 


form thread-like and filamentous forms. 


noQ-sportJ^g* 


Staining is not easy and the 
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be used as in the staining of Pfeiffer’s bacillus (q.v). It is Gram- 
negative and frequently shows a tendency to polar staining. 

Growth Requirements. It is a strict aerobe. The optimum 
temperature is 37* C. It is less haeraophilic than H. influenzae* 
Neither the X nor V factor is neces&iry for Us growth. 

Cultural Characteristics. H. pertussis does not grow on 
ordinary media. The special medium devised by Bordet and 
Gengou is necessary for at least primary culture. Even on this 
growth is slow; the colonies appear as small, round, greyish 
white and dome-shaped, resembling split pearls or mercury drops. 
The growth is sticky and lenacjous due to the presence of a mucoid 
substance. On blood agar the colonies are surrounded by a 
narrow zone of haemolysis. By repeated subcuUunng the orga- 
nism can be trained to grow on ordinary media. After adaptation, 
growth in broth gives rise to turbidity and later heavy, ropy, 
sediment and floating strands. 

Biochcmicaf Acthity. The pertussis bacillus is biochemically 
inert. It has no action on carbohydrates. It does not form 
indole nor liquefy gelatin. It is weakly haemolytic. 

Resistance. Its resistance to adverse agencies is not high. 
Heat at 55* C. kills the pertus^s bacillus m 30 minutes. Unbke 
H. influenzae, it is fairly resistant to cold. PenidUin does not 
inhibit its growth and this property may be utilised to prepare 
selective media for its isolation. 

Antigenic Structure. H. pertussis in the normal smooth phase 
is immunologically homogeneous. Four phases, I, It, HI and IV, 
have been described. These represent probably successive stages 
in the way to rough dissociation. Serologically there is not much 
difference between H. pertussis and H. parapertussis recently 
described from the late stages of whooping cough. The pertussis 
bacillus displays serological affmiiy with Br. bronchiseptica. 

Variation. Strains freshly isolated during the catarrhal stage 
are in the normal smooth phase. On subculture they undergo 
dissociation. This is accompanied by loss of virulence and changes 
in antigenicity. Four phases have been described as occurring in 
the Course of such dissociative changes (see above). The final 
rough variants are non-haemolytic, noo-capsulated and non- 
virulent. Strains isolated during the later stages of the disease 
(the so-caiJed ff. parapertussis) may not be entirely in the normal 
smooth phase. 
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_ Toxin Pfoductioo- H. pemssis does not produce a soluble 
toxin. A powerful endotoxin is formed^ It can be separated 
as a wateiy extract from culture. Evidence has been brought 
forward to show that it is made up of two components, a heat 
stable one and a heat labile one which is inactivated at 56®C 
in thirty minutes. The endotoxin is commonly believed to be what 
is conwrned in pathogenesis. It proves fatal to guinea-pigs when 
administered iniravenousiy. In man it causes positive skin reactions 
probably as the result of acquired allergy. The mucoid exudate 
responsible for the whooping is ascribed to a separate toxic 
factor developed by the organism only in its less virulent phases. 

Pathogenesis. Bordet and Gengou's view tliat H. pertussis is 
the cause of whooping cough is now generally accepted, although 
it has been severely criticised by many workers. The pertussis 
bacillus is constantly present in the disease, in large numbers 
in the early catarrhal stage and less frequently in the paroxysmal 
stage, disappearing progressively during the decline; it is seldom 
found after the fourth week of disease. Except probably in con- 
tacts, it is not found in the healthy subject. The results of attempts 
to reproduce the disease in experimental animals and human 
volunteers are suggestive but not conclusive. The intratracheal 
inoculation of mice or the intranasal inoculation of rats has been 


found to produce an interstitial pneumonia with leucocytic infiltra- 
tion around the vessels and bronchioles and copious secretion of 
the bronchia! mucosa. A condition somewhat rcsemblmg 
whooping cough has been produced in chimpanzees and human 
volunteers by the intratmal instillation of cultures. large doses 
of culture injected into experimental animals cause intense 


toxaemia and death. 

Pertussis is a highly communfcaWe disease. As noted above, 
secretions from the nose and the respiratory tract contain the 
organism in large numbers in the early stages of the disease. 
Transmission is by direct contact and by droplet infection. As 
the pertussis bacillus docs not survive Jong outside the body, 
indirect transmission by the agency of fomites may occur only 
verv rarely The disease is most infectious donng the catarrhal 
sSc before the whoop begins. After this the denser of truns- 
Son progressively fells io * negligible degree by the fourth 
l Undiagnosed and-alypiral cases may also play a part in 
of the inLion. The esisj^^of heahl. ; 
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carriers of the pertussis bacillus has not been proved, ff. pertussis 
is not invasive and is never found in blood culture. The infection 
is confined to the upper and lower respiratory tract but causes 
systemic effects, including fever and the well known lympho- 
cytosis of pertussis, from toxaemia. 

Whooping cough is a world wide disease. It is common in 
the tropics but not so fatal as in the cold countries where it is 
one of the major killing diseases of children. Infants under three 
months of age usually escape the disease. There is no proof 
that this is due to any placental transfer of maternal antibodies, 
as in diphtheria, measles and scarlet fever. The most susceptible 
period, and the one with the highest fatality, is from six months 
to three years. More than 80 per cent, of cases occur in infants 
and children up to the age of five years. It is said to be some- 
what more frequent in females than in ma/es. The incubation 
period varies from a few days to a fortnight. The average 
mortality rate is 15 per cent. 

ImmuitKy. Agglutinins and complement-fixing antibodies are 
found in the blood but late in the disease, so that they are not 
of much diagnostic help. Immunity against pertussis is acquired 
with increasing age, probably as tbe result of subcHnical infection. 
The immunity conferred by one attack seems to be solid and* 
lasting. But second attacks have been reported. 

Diagnosis. During the first two weeks, smears from the 
sputum or nasal secretions usually show the organism. The 
cough plate method of cultivation affords the greatest success; 
sputum culture is much less satisfactory. In the former there is 
direct implantation of the secretions' from the respiratory tract 
into the medium. A plate of the Bordet-Gengou medium is held 
for fifteen seconds at a distance of fotir to five inches in front 
of the patient’s mouth while coughing. Excessive coughing and 
exposure may both cause ovcrcrowxling of colonies. The addi- 
tion of penicillin to the medium may help by suppressing most 
of the associated organisms. After incubation, subcultures are 
made from the pearWike grey colonics. No plate should be 
discarded as negative before five days. The isolated organism 
is then identified microscopically, culturally and by the agglutina- 
tion test with the specific serum. 

With the patient’s scrum agglutination and complement- 
fixation reactions may be positive by the third or fourth week. 
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The antigen employed should be a kiUed suspension of the per- 
tussis bacillus in the smooth phase. These tests arc useful after 
the third week when culture is diHicuU. 

^ophyJaxis. Early diagnosis and immediate isolation are 
very important in prophylaxis. The ideal is to isolate in quaran- 
tine all susceptible contacts for fourteen days. Until two successive 
cough plates are negative or up to the end of the third or fourth 
week after the onset of the chararteristic whoop, the patient is 
assumed to be communicable. 

Active immunisation has been found to be a valuable pre- 
ventive measure. The disease is relatively infrequent or milder 
in the immunised children. Immunisation must be done between 
six and twelve months of age. Vaccine must be prepared from 
freshly isolated virulent strains; early failures were very likely 
due to the employment of dissociating strains in the preparation 
of vaccine. Large doses arc necessary. Usually vacc'we is 
sterilised with 0-5 per cent, phenol and is standardised to contain 
10,000 million bacilli per cubic centimetre. Four subcutaneous 
injections, 1 cc., I -See. I '50.0. and 3c.c., arc considered 
adequate. It has been advocated recently to immunise simulta- 
neously against pertussis and diphtheria by combining the per- 
tussis vaccine with diphtheria toxoid. 

Passive immunisation by the injection of 10-20 c.c. of pooled 
convalescent or immune adult scrum may have some prophy- 
lactic value. But neither vaccine nor antiserum has any thera- 
peutic utility; their use has given only disappointing results. 

Haemophilus Duplex (hforax-Axenfeld Bacillus), Morax- 
Axenfcld bacilli are non-motile, non-sporing, non-capsulatcd, 
Gram-negative rods. In films from the eye, they are found in 
large numbers, 2--3 microns by 1 micron in sire, rather plump 
with rounded ends and occurring in pairs ; they may be extra* 
cellular or intracellular. Culture forms arc smaller and may be 
discrete, paired or in short chains. 

It is aerobic and facultatively anaerobic; the optimum 
temperature is 37“ C Blood or serum is required for its growth. 

On blood agar plate the organism grows in small, circular, trans- 
uarent colonies. Delayed, but aeSnite, liquefaction owurs around 
blames on Loeffler’s medium. Growth in serum broth causes 
general turbidity. 
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Indole production is negative. Various carbohydrates are 
attacked. Coagulated serum is liquefied. 

H. duplex is associated with subacute or angular conjuncti- 
vitis, It is also invariably present in angular stomatitis. How 
fat it is the real causative agent in these conditions, has not been 
determined. 

Petit's bacillus is another diplobacillus found in chronic 
conjunctivitis. It is morphologically identical with H. duplex, 
but smaller: it grows well on ordinary media. 

Haemophilus Ducreyi. Ducrey's bacillus, as found in stained 
smears from gtand discharge, is a small, ovoid, rod-shaped orga- 
nism, arranged in pairs side by side, groups or in chains, about 
l*5/i by and with rounded ends. Bipolar staining may be 
seen. The organism may be intracellular. It is non*motile, 
non-sporing, non-capsulated and Gram-negative. 

Cultivation is difiicuU, and enrichment with blood or serum 
is necessary for growth. Neither the X nor V factor is essential 
for growth; hence its inclusion in the genus IJaemophllus is 
open to question. Uncomamlnaled material obtained by pun- 
cturing a bubo should be directly inseminated into media. 

It is associated with soft sore or chancroid, a veneral disease. 
Transmission U usually by sexual contact. An identical lesion 
has been experimentally produced in man and higher monkeys 
by the inoculation of pure cultures. Ducrey's bacillus is not 
pathogenic for lower animals. Little or no immunity develops 
as the result of an attack and subsequent attacks are common. 
An intradcrmal skin test, employing killed culture, is used for 
diagnosis; it is based on allergic sensitisation; 0*1 c.c. intra- 
cutaneously administered is the dose. An antigen prepared from 
aspirated pus, as in the case of Frei’s antigen, may also be em- 
ployed. The hypersensitivity lasts for several years. j 
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^ This genus includes several species of medical and vclcrfDaiy 
Jfflporfance, The indiv/dnal cells show a tendency lo the forms- 
tion of club-shaped swellings at the cods, hence the name Cofyrte- 
bacterium. They are Gram-positive, slender and often slightly 
curved rods which are non-inotile, non-sparing and aerobic or 
microaerophilic. Characteristic snapping motion is shown when 
cells divide. None of the members seems to lead a free-living 
existence. Some species produce a powerful extracellular toxin 
and many are pathogenic. 

Diphtheria as a clinical entity distinct from other throat 
affections was separated by Bretonneau as early as 1826, but 
several decades had to elapse before its aetiology was discovered. 
Klfebs (J883) was the first to observe and describe what was later 
confirmed as the diphtheria badilus; be found it in the pseudo- 
membranes from the throats of diphtheria cases and asserted 
that it was the cause of diphtheria. In the following year the 
same organism was isolated in pure culture from a number of 
cases of diphtheria and fully described by Loe&er, By inocula- 
ting the isolated orgaoism upon the abraded mucous surfaces 
of susceptible animals, he was also able to reproduce lesions 
closely roscmbling the false membraoe of the human disease. 
Subsequently, several others confirmed the constant presence of 
it in the characteristic false membrane of diphtheria. Its actio- 


logical relationship to the disease was finally established by the 
work of Roux and Versin (1888) who showed that this organism 
elaborated a soluble toxin which was capable of reproducing 
certain characteristic symptoms and lesions of diphtheria experi- 
mentafiy Although Corynebac/en'um dtpktkenae is now accepted 
as tbs type species, the xerosis baciBus was probably the first 
member of the group to be discovered- 

The terra ••diptheroid" (diphtheria-like) is frequently applied 
to the other members of the genus, as they bear a close merpbo- 
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logical resemblance to the diphtheria badllus. Numerous species 
have been described, many of which are devoid of any patho- 
logical significance. The species commonly associated with man 
are Corynebacterium hofmannii (Corynebacterium pseudodiphtheri- 
iicum — Bergey), Corynebacterium xerose and Corynebacterium 
acnes. Their importance is mostly in connection with the diffe- 
rential diagnosis of C. diphtheriae There are also a few important 
animal pathogens. Corynebocterhm ovis or the Preisz-Nocard 
bacillus is a diphtheroid which causes caseous lymphadenitis and 
pseudotuberculosis in sheep and horses; Corynebacteriuni 
pyogenes is responsible for the production of certain suppurative 
lesions in pigs, cattle and other animals; Corynebacterium 
enzymicum, Corynebacterium renale and Corynebacterium tnurl~ 
septicum are other pathogens of animais. 

Coryncbacteriom Diphtheriae. C. or the diphtheria 

bacillus is the causative organism of diphtheria. Though it was 
first observed by Klebs, we owe it to LoefBer for its isolation in 
pure culture and full description. Hence it is also knotvn as 
Klebs-LoeSler bacillus. 

It is a strict parasite found in the diphtheritic lesions in the 
tonsils, pharynx, nose and other sites and in the nasopharjmx 
of carriers. It may be found in dust of rooms occupied by patients.' 

Morphology and Staining. They are slender, straight or 
slightly curved rods, occurring in singles or as small irregular 
clusters and varying greatly in size from I ’O-S*© x 0*3'0-8 
micron. The ends are rounded, rarely pointed, and frequently 
show a tendency to swelling and later dub formation. Marked 
pleomorphism is a characteristic feature. True branching is 
occasionally seen in old cultures. In culture involution forms 
soon begin to appear, which arc pear-shaped, club-shapcd, 
globoid, fungoid or even streptococcal. Hence, an young cuhure, 
an eighteen- to twenty-four-hour growth, should be employed 
for the study of morphology. The characteristic staining rea- 
ctions are also best brought out when the organism is grown on 
a medium containing serum, such as Loeffler’s medium. The 
diphtheria bacillus docs not develop flagella, spores or capsule. 

When seen in film preparations, the arrangement of the bacilli 
is characteristic. They ard grouped in small irregular clusters, 
in which each cell takes up an anguhr or parallel position in rela- 
tion to its neighbour. TTiis peculiar disposition resembles 
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^ This genus includes several species of medical and velcrinaiy 
importance. The individual cells show a tendency to the forma- 
tion of club-shaped swellings at the ends, hence the name Coryne- 
bacterium. They arc Gram-posilivc, slender and often slighdy 
curved rods which arc non-rootile, non-spori/ig and aerobic or 
Biicronctopbilic. Characteristic snapping motion is shown when 
cells divide. None of the members seems to lead a free-living 
existence. Some species produce a powerful extracellular toxin 
and many arc pathogenic. 

Diphtheria as a clinical entity distinct from other throat 
affections was separated by Bretonneau as early as 1826, but 
several decades had to elapse before its aetiology was discovered, 
KJfcbs (1883) was the first to observe and describe what was laler 
confirmed as (he diphtheria bacillus; he found it in the pseudo- 
ciembranes from the throats of diphtheria cases and asserted 
that it was the cause of diphtheria. In the following year the 
same organism was isolated in pure culture from a number of 
cases of diphtheria and folly described by Lociller. By inocula- 
ting the isolated organism upon the abraded mucous surfaces 
of susceptible animals, he was also able to reproduce lesions 
closely resembling the false membrane of the human disease. 
Subsequently, several others confirmed the constant presence of 
it in the characteristic false roembrane of diphtheria. Its aetio- 


logical relationship to the disease was finally established by the 
work of Roux and Yersin (1888) who showed that this organism 
elaborated a soluble toxin which was capable of reproducing 
certain characteristic symptoms and lesions of diphtheria experi- 
CjentaDy. Although Corynebacterium diphthtriae is now accepted 
as the type species, the xerosis bacillus was probably the first 
member of the $raxip to be diswjwied- 

The term “diptheroid” (diphthena-hke) is frequently applied 
to the other members of the genus, as they bear a close morp' 
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reduce tellurite and form greyish black colonies in media con* 
taining this chemical. On the basis of this a variety of differential 
media have been devised of Iate» all of which contain potassium 
tellurite. The better known of these are the tellurite hlood 
agar medium of Anderson and his co*workcrs and Oauherg’s 
medium. 

Cultural Characters. In broth the growth is not uniform: 
some strains produce a granular deposit and a surface pellicle 
but no general turbidity; others produce a diffuse growth with 
uniform clouding and little or no deposit. After twenty-four 
hours’ growth on Locffler’s medium, the colonies are about 1 mm. 
in diameter ; they arc circular with entire edge and convex, smooth 
or finely granular moist surface; the colour is greyish while or 
creamy; the consistence is butyrous and the colonies are easily 
eraulsifiable. On further incubation the margin becomes crc- 
nated and the central portion more prominent and opaque than 
the periphery, wliile the colonics themselves become larger and 
show in some cases a distinct yellow color. 

The tellurite blood agar medium is very useful not only in 
the isolation of the organism but also in the differentiation of 
types. When grown on this special medium, three types of 
colonies ate encountered. These types are found to possess 
certain distinct biological characters and are associated with 
diphtheria of a greater or less clinical severity (p. 525). Hence 
the names gravis, mhis and intermedtus have been given to them’. 
It should be remembered that the organism, when grown on 
tellurite media, fails to show the characteristic morphology, for 
the study of which, iberefore, the growth on LoeffJer’s serum 
should be employed. 

The grav/s type grows on tellurite medium in relatively large 
dark grey colonies with granular centre and striated or crenated 
periphery, often compared to the daisy bead. Growth in broth 
gives rise to granular deposit and pellicle formation without 
general turbidity ; there is an early reversal of pH in this medium. 
This type does not show the usual granular appearance but shows 
a lightly stained protoplasm with one or more deeper stained 
areas at the ends. Only about 50-60 per cent, of the gravis strains 
conform to this typical morpholo^; the rest resemble the mitis 
and the intermedius forms. It ferments starch, glycogen and 
dextrin ; it is not usually haemolytic. ' 
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Chinese letters or cuneiform ttritrng. Jt app^rs to rfepcnd on 
the snapping mode of ccH division. In this the parent cell begins 
to divide at one side and then breaks incompletely, the unbroha 
portion on the opposite side acting as a hingc-Hke process; conse- 
quentiy there is no separation or the daughter cells for a time. 

Another distinctive feature is the presence of Babes-Erast 
bodies or mctachromatic granules (p. S). Due to their presence the 
organism is unevenly stained. In young cultures of C. diphtheriae 
these granules can be readily demonstrated, but this is by no means 
the case with the allied diphtheroids. This serves as an important 
criterion in the differentiation of species. Anything up to six 
granules may be present in a single cell, but usually two or three. 
When only two are present they arc most often seen one at each 
pole of the cell and are then termed “bipolar”. When the num- 
ber exceeds two, they lie scattered throughout the length of the 
cell, giving rise to a beaded appearance. It has been pointed 
out that the typical granular appearance is not found in all the 
strains of C. diphtherlae {vide infra). Jn order to show up the 
granules well, special staining methods are employed; the most 
satisfactory ones arc Neisscris difTercntial stain, Pugh’s toluidine 
blue and Loc/Ilcr’s methylene blue. By the Nrisser's method, 
the granules arc stained blue black standing out from a light brown 


cell body. 

The diphtheria bacillus is easily stained by the coal-tar dyes. 
Jt is Gram-posil/vc, but not so strongly as most other Gram- 
positive bacteria; the granules, however, arc very resistant to 
decolorisation and remain deeply stained in contrast to the 
weakly stained protoplasm. Some of the diphtheroids, for 
instance Hofmann’s bacillus, are strongly Gram-posjtWc and 
this serves as a uwfu! guide in the identification of species. The 
organism is not acid-fast. 

Growth Kcquiremenfs. C. diphthcriae is an aerobe and 
facultative anaerobe, but anaerobic growth is very sparse. The 
optimum temperature is but growth occurs well at 

37“ C. with a range of I5®-40"C Ihe optimum pH is 7-2. An 
^icid reaction inhibits toxin production. The diphtheria bacUlus 
is not very fastidious in its nutn'Uonal requirements and can be 
erovra on orfinao’ But cnrictaHU of ti«e with sc^in 

promotes bstt« growth; loeffler’a Krnm “".““ji'!! 

one for Us growth. The members ' 
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above, it resists the action of potassium tellurite in certain con- 
centrations. 

Types. All strains of C. diphtherlae do not behave alike in 
their biological properties but show a tendency to fall into three 
more or less distinct groups: gravis, mitis and intermedius. In 
England the gravis and the intermedius types are generally asso- 
ciated with severe cases of diphtheria, while the mitis type is 
usually the one isolated from the milder cases. Such close 
association with clinical types of diphtheria is not obtained in 
•other countries. For instance, in America the mitis type is said 
1o be not infrequently associated with severe or malignant diph- 
theria. These different types also evince certain distinctness in 
their colonial appearances when grown on certain differential 
media like the tellurite blood agar or Clauberg’s medium. In 
their morphological and certain biochemical characters too differ- 
ences between these varieties are noticeable (p. 523). 

C. dtpbtheriae constitutes an antigenically heterogeneous 
species. The three types are anti^nically distinct from one 
another. There is also a lack of homogeneity within each of 
•these biological types. The gravis strains are divisible mostly 
into two subtypes, but much is not known about the other two 
types, except that the mitis strains are heterogeneous and that the 
intermedius strains do not show appreciable antigenic differences 
among themselves. In addition to the type-specific antigen, 
there is some evidence to show that there is a species-specific 
antigen, forming a common link between these three varieties. 

Not all strains of C. diphtheriae are virulent and toxigenic. 
Avirulent non-toxigenic strains, indistinguishable morphologically 
and biochemically from the virulent forms, have been described. 
5uch strains may be found in all the three varieties. Their rela- 
tion to the toxin-producing strains is not clear. Whether they 
are avirulent variants or avirulent strains sui generis it is difficult 
to say. Virulent strains may change into avirulent forms, though 
change in the opposite direction does not occur. On the assum- 
ption that only strains that produce the specific exotoxin should 
be classed as C. diphtheriae, some authorities regard that these 
non-toxigeme strains are gravis, intermedius and mitis types of 
■diphtheroid bacilli, which closely counterfeit the diphtheria 
bacillus. The available evidence indicates that there is no anti- 
. ^enic difference between the ‘virulent and avirulent strains of 
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The mitis type develops inio Sfflafi, Wach, edovei. sawth 
colomes vyith entire edge. Id broth it causes diffuse gtomi and 
rarely peuicle formation; there is a* late reversaJ o/pH. Itir 
this type that gives the characteristic granular stainiDg; a&oat 
5-20 per cent, of strains, however, show barred appearance. If 
does not attack starch and glycogen and attacks dextrin irregu- 
larly; it is haemolytic. 

The intermedins type is a slow grower. It forms small, flat, 
umbonate colonies with a dark grey, slightly raised centre and 
slightly crcnated periphery. U produces no surface growth in 
hroth but gives rise to a fine granular deposit ; there is no reversal 
of pH. Barred forms predomioate, about 80 per cent, confonning 
to this morphology ; the rest are granular forms. In fermentative 
activity It agrees with the mitis type; it is not haemolytic. ■ . 

Not all strains of C. diphtheriaf conform to these types. A 
certain proportion of toxigenic strains are not typable and so 
cannot be assigned to one or other of these types. They are fsid 
to be more frequent when diphtheria is mild. 

Biochemical ActUity. The diphtheria bacillus attacks sotot 
of the carbohydrates with the production of acid but not gas. 
The sugar reactions are studied on Hiss's serum water containing 
different sugars in the proportion of one per cent. The action on 
glucose, maltose and saccharose is made use of in the identifica- 
tion of species. The former two are attacked by the diphtheria 
bacillus but never saccharose (p. 537, Table XVIII). Lactose 
and mannite are also not attacked. The action of the different 
types on starch, glycogen and dextrin is given above. 

Gelatin is nof liquefied indole is not formed. Litmus milk 


is unchanged. Nitrates arc reduced to nitrites. The rw//Ar strains 
and a few gravis strains show haemolytic activity. 

Resistance, Most of the bactericidal agents readily destroy 
this organism. Heat at 58' C, kills it m 10 minutes. Desiccation 
is not so injurious to it as is the case with many other pathogens. 
It may remain viable in fioor dust for several weeks. Cultures 
remain viable for several weeks or months, prolonged cultiva- 
tion on laboratory media ordinarily impairs the virulence of the 
oreanism, but some strains preserve their virulence and toxi- 
ccnlcity even under such conditions. In the dried diphtheritic 
l^mbrane kept at room temperature and in the dark it retains 
ritality and virulence for several months. As mentioned 
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iron in certain strength is mote favourable for toxin production 
than the complex infusion*peptonc medium. What really matters 
in the production of a rich yield of potent toxin, appears to be the 
iron concentration of the medium and not the quality or quantity 
of peptone present. A medium containing known amino acids, 
pimelic and nicotinic acids, maltose, calcium and iron yields very 
satisfactory results. Toxin produced in such a medium is also 
in a purer state. 

For large scale production. Hartley’s broth is quite a satis* 
factory medium. Large conical flasks containing this medium 
in shallow layers and loosely plugged with cotton are employed. 
This ensures the supply of plenty of oxygen. These flasks are 
inoculated with the surface growth from what is called a “starter 
bottle” in which the strain has been acclimatised to the condition. 
The organism is allowed to grow in the dark for 7-10 days at 
36*-37*C. At the end of this period the bacteria arc killed by 
the addition of an antiseptic, like toluol or phenol, in sufficient 
strength and removed from the culture by filtration or other 
means; the crude product thus obtained constitutes the toxin. 
The so-called toxin, therefore, is not a pure solution of the soluble 
toxin; in addition it contains other products of bacterial growth 
and also the mgredteacs of the culture medium. A potent filtrate 
may contain as much as 1,000 M.L.D. per cubic centimetre. 

Diphtheria toxin possesses all the characteristics of a soluble 
toxin (q.v.). Its exact chemical composition is not known and it 
has never been obtained entirely free from the proteins of the 
medium. Recently, it has been prepared in a relatively pure state 
by growing the organism in a synthetic medium containing mini- 
mal quantities of proteins and isolating the toxin from culture 
filtrate by sailing out with ammonium sulphate follow’ed by 
dialysis. The refined product is of the nature of a labile protein 
with a molecular weight of about 70,000 and its M.L.D. for 
guinea-pigs is O-OOOI mg. (ten million M.L.D. per gram). 
Diphtheria toxin is unstable and suffers deterioration somewhat 
rapidly on exposure to air and light. Acids and alkalies, especially 
the former, destroy it rapidly. Exposure to a temperature of 
58*-60*C. inactivates it in one to two hours. If kept in air- 
tight containers and in the dark, however, the to ' may remair-'' 
with undiroinished potency for many weeks. E* ofdetcr 
ration is the loss of toxic action. It is a povi-e 
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ana ine mws types. 

The same kind of toxin is produced by the different types. 
No qualitative di/Fcrenccs in the toxins formed by individual types 
have been estabJished and the toxin of any one type is neutralisable 
by the antitoxin produced against any other type. What then 
constitutes the basis of thediflcrence in the virulence of the types, 
is by no means clear. Interchange of types has not been observed. 
It has been suggested that the gray/s type possesses invasive pro- 
perties, vyhilc the mi/is type docs not. How far this is true or 
whether it is wholly responsible for the greater clinical severity 
of the grav/s type, is not clear. It may be, as has been suggested, 
that the endotoxin of the gravis type also takes part in the 
pathogenesis. 

Toxin Production. C. dipbtheriae produces a powerful 
extracellular toxin in fluid media. The same poisonous sub- 
stance is also formed during natural infection. From the sUe 
of infection, where the organism multiplies and forms the toxic, 
the latter diffuses out into the body through circulation and acting 
toxically on various organs causes the general symptoms and 
sequelae of the disease. 

Under suitable conditions of gronlh toxin is produced io 
abundance. This is by no means the case with all the strains 
and for this reason the choice of strain for the production of toxin 


on a large scale is of supreme importance. Many strains refuse 
to adapt themselves to the artificial culture media and so do not 
produce in these large quantities of toxin. There does not seem 
to be any dose correlation between the amount of toxin produced 
and virulence; for, rich toXin-produdng strains have been found 
to cause mild diphtheria. Parfc-William No. 8, a relatively less 
virulent strain originally isolated f«?ma mild case, is a rich toxin- 
producer and is almost universally employed for this purpose. 

The production of toxin is aarkedly influenced by the cultural 
conditions. A definite alkaline reaction, pH 7-6~8-2, and a 
free supply of oxygen are very essential for the maximum yield of 
toxin The presence of a suitable brand of peptone in adequate 
amounts (2 per cent.) in an iafusioo medium was regarded as 
,»<tjenlial for the optimum production of toxin. But recent studies 
n the nutritional requirements of the diphtheria baeWus show 
fhat a seroi-syntbelic medium containing, among other things. 
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based on in vivo and the third on in vitro methods. The biological 
methods sre far more reJiabJe than the in vitro test, as they are 
based on the protective value of the senitn. Of these, EhiUch's 
original method is the more reliable and still the ofScial one. The 
animal chosen is the guinea-pig and several animals arc used for 
the same serum (p. 256). 

The smallest amount of antitoxin that will just neutralise 
100 M.L.D. of toxin was otiginaHy suggested by Ehrlich as the 
unit of antitoxin. The difficulty is that toxm, on keeping, soon 
degenerates into toxoid and so cannot be preserved as a stable 
standard for the standardisation of antitoxin. On the other hand, 
antitoxic serum is much more stable and, if sukably treated and 
preserved, keeps for a long time with no appreciable low'cring of 
potency. Ehrlich had also prepared a standard diphtheria anti* 
toxin and preserved it with due care against ail possible deteriora- 
tion, The international unit of antitoxin based on Ehrlich’s 
original arbitrary standard, “One unit of Diphlhena Antitoxin 
<1A.U.) is contained in that amount of antitoxic serum that has 
the same total comblaing capacity, for toxin and toxoid together, 
as one unit of Ehrlich’s original antitoxin". This is dried and 
preserved in vacuo at O^C. in certain central institutes, and 
is tested periodically under the auspices of the Biological Stan- 
dardisation Commission of the League of Nations. It is issued 
to the licensed producers of commercial serum. All newly pre- 
pared antitoxic sera are standardised in terms of this unit. 

Ehrlich’s method of standardisation js by the subcutaneous 
injection of mixtures of toxin and antitoxin into guinea-pigs. 
Fust, a specimen of fresh toxic filtrate is prepared and its potency 
assessed m terms of tw-o units. TTiese are the Lo (Limcs= 
Limits) and the L -f- doses. The Lo dose is the smallest amount 
of toxin that is completely neutralised by the standard unit of 
antitoxin. The L -f dose is "the stnailest amount of diphtheria 
toxin that, when mixed with one unit of antitoxin and injected 
subcutaneously into a guinea-pig of 250 g. weight, will, on the 
average, kill that gumea-pjg wi^tn nineiy-six hours”. Having 
determined these doses, varying quantities of the anmoxic serum 
•under test arc separately mixed with L -f- dose of toxin newly 
titrated and inoculated subcutaneously into standard guinea 
pigs. The smallest amount of serum which, when mixed with 
the L 4 - dose of toxin, will cause a SO per cent, mortality within 
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? ^'“"“■Pies. in which 0-00025 c.c, may prove fala! 
within five days. This provides a valuable ntelhod for cstiinalm 
the potenqr of the toxin. Diphtheria toxin is an excellent anlijen 
and stimulates the production of high potency sera in susceptible 
animals. 


On keepings the toxin deteriorates rapidly and is converted 
into toxoid which is atoxic TTiough deprived of the toxicity, 
this modified product, toxoid or anatoxin, is stil! antigenic and 
capable of combining with the antitoxin in the usual way. It 
forms thus a safe immunisingagent. The degradation of diphtheria 
toxin into toxoid can be artificially brought about by the action of 
heat or chemicals; formalin in 0^3 percent, strength effects this 
alteration at 37” C. in two to three weeks. The test of detoxica- 
tion is that when guinea-pigs are injected with 5c.c. ofthenew 
product subcutaneously or intraperitoneally no symptoms should 
be produced. The toxoid is extensively used for immunising nan 
against diphtheria and horses in the preparation of antitoxin. 

The unit of toxin is the MX.D. which is the least amount 
that wifi, on the average, kill a goinca-pig of 250 g. weight within 
96 hours after subcutaneous inoculation. A potent toxic filtrate 
may contain as much as 1,000 M.L.D. per cubic centimetre. 
Another unit is the M.R.D. which is the smallest amount which 
when inoculated intradcnnaHy into a guinea-pig will produce 
a definite reaction. These units are seldom employed in practice 
for the testing of antitoxin, as a standard cannot be maintained 
due to the instability of the toxin. 

The Production and Staodardisatioo of Olphther/a Aotitoxuj. 

A powerful antitoxic serum can be prepared by the repeated 
injection of horses first mth toxoid and then with toxin. 
The selection of .nnimals and their upkeep during the period of 
immunisation are important factors. When a high litre has 
been reached, as shown by assessments of potency conducted 
after test-bleeding at suitable intervals, the animal is bled through 
the jugular vein, the serum is seperafed, standardised and made 
available for markets A titre of 600 to 800 units per cubic centi- 
metre is usually obtained after immnisation for two to three 
months. The antitoxic scrum possesses both curative and pro- 
tective properties. j ^ . t 

For purposes of regulating (he dose the product has to be 
standardised. There are ‘three- methods available, two of them 
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Palbogenicily. C. diphtheriae is a strict parasite pathogenic 
for man and experimental animals. The organism, as a rule, 
does not invade the tissues beyond the primary seat of infection. 
The powerful exotoxin that is formed and absorbed into the 
system is mainly responsible for the causation of lesions. Most 
frequently the pharynx is the primary seat of the infection and the 
disease called diphtheria is the result- Laryngeal and nasal 
diphtheria are not infrequent. Other situations that may be 
affected arc the middle ear, conjunctiva and the vulva. Diphtheritic 
infection of sores is of rare occurrence. Infection of the umbilicus 
in the newborn has been reported. The bacillus has been isolated 
from the lungs in a large proportion of cases of fatal diphtheria ; 
whether it is due to a direct infection of this organ, is very doubtful. 
The isolation ol the organism from various internal organs and 
the blood has also been claimed. 

Among the experimental animals, cats, dogs, pigeons and 
gulnea*pigs are highly susceptible. Rabbits are less susceptible 
than guinea-pigs. Rats and mice are very resistant. Whether 
the susceptible animal is inoculated with a live culture or with 
bacteria-free toxin, the result is the same and the animat dies of 
toxaemia in one to four days, depending upon the dose of the 
inoculum. The guinea-pig is the usual test animal. Following 
injection, a soft oedematous swelling appears at the site within 
twelve to eighteen hours. By this time the animal is obviously 
ill, showing symptoms of acute toxaemia. In cases where death 
is delayed beyond the fourth day, the animal may develop acute 
cachexia and paralysis. Post-mortem examination reveals certain 
characteristic changes : a grey necrotic area at the site of inocula- 
tion surrounded by a zone of congestion ; further beyond in the 
subcutaneous tissue there is marked inflammatory oedema which 
also involves the deeper structures. The focal lymph glands are 
enlarged and congested ; the liver and the kidneys show degene- 
rative changes; the adrenals arc swollen, congested and often 
haemorrhagic and this is a marked feature: the heart and the 
diaphragm show fatty degeneration; the lungs are congested 
and there is effusion into the pleural cavities. If the inoculum 
is a live culture, then also similar lesions are caused, but (he 
organism, as a rule, remains locally and is not found to invade 
the tissues, whereas the toxin is readily absorbed into the circula- 
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four days in the test animah is taken as containin.one wit of 
sntitoxin. * 

The second in vivo method is based on the observation that 
diphthena toxin, when injected into the skin of the gumca-pig, 
causes certain local rcartioos. Inocuiated intradermaWy is very 
small doses (I/250-I/500 MX-D.) the toxin gives rise to a local 
swelling and erythema. With slight increase of dose necrosis 
also supervenes. These reactions can be prevented bys previous 
neutralisation of toxin with antitoxin. By this method the Ir 
dose of toxin, i.e.^ the atnount of toxin which, when mixed nitb 
a standard unit of antitoxin, produces the minimal skin reaction 
IS found out. Next, varying amounts of the new antitoxic serum 
are mixed with Lr dose of toxin and 0*2 c.c. of each mixture is 
injected iniracutaneously into a fresh guinea-pig. The amount 
that causes minimal skin reaction is regarded as containing one 
unit of antitoxin. The advantage of this method is that a number 
cf toxin-antitoxin mixtures can he tested in one animal. 


The third method is based on Ramon’s Boccolaiion phene* 
menon. When toxin and antitoxin are mixed in optimal pro- 
portions flocculation occurs. The Lf dose of toxin is first deter- 
mined by mixing varying quantities of toxin with the standard 
unit of antitoxin. The amount of toxin contained in the tube 
that first shows visible flocculation is the tf unit of toxin. The 
process IS then reversed, varying the amount of serum to be 
standardised and keeping the toxin constant at the Lf dose. The 
amount of scrum m the tube that first shows visible flocculaHon 
contains one Lf dose of antitoxin. Obviously, the Lf dose is a 
measure of the combining capacity and not of the toxicity only. 
This is a rough method and is usually employed as a preliminary 


to the in vivo tests. 

The antitoxin is associated with the serum globulin, mostly 
■with the o and f components. Tlie globulin can be predpitated 
by half-satoration with ammonium sulphate, the precipitate is 
-then extracted with a saturated solution of sodium chloride. The 
antitoxin can in this way be cooccflirated and at the same time 
freed from much of the inert protein material that is responsible 
for the production of scrum sfckiKWS. Refined serum is now pre- 
rwred by treatment of the crude product with proteolytic enzymes, 
eg pepsin, which digest the aftwm'n [cactioo, leaving intact the 

antitoxin^globulin complex. . 
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time or other but is stiU hatbouiisg the infection in his naso- 
phar>nx or he may be a -simple contact carrier. As in the case 
of other respiratory infections, the organism is discharged in the 
secretions of the nose and throat. Spread occurs from man to 
man by direct contact or indirectly by the droplet method. The 
organism gains entry through the nose and the nasopharynx which 
form the common sites of the primary lesion. In a few epidemics 
milk has been mcrimmatcd as the transmitting agent. It is true 
that diphtheria bacilli can hvc in mUk without producing gross 
changes. But it seems very doubtful whether milk serves as a 
common vehicle of infection. Evidence is also against the view 
that transmission may occur through infected articles, such as 
toys, drinking cups, pencils, pens and the like. There is some 
evidence to suggest that infected dust may play a part in trans- 
mission. 

Carriers. Diphtheria bacilli arc found to remain at the site 
of lesion for varying periods after the disappearance of symptoms. 
Persons who harbour the infection following recovery from the 
disease are called convalescent earners (q.v.). The vast majority of 
these become free of bacilli in about fifteen days after recovery. 
Some cases take a longer time for clearance, while * few carry 
the bacilli persistently. In this connectiem, it is important to 
keep in mind that non-virulcnt non-toxigenic bacilli, rcscmblmg 
in other respects C. diphtherias^ may be found in the nasopharynx 
alone or in association with virulent strains. But, as the avirulent 
strains never regain virulence, such earners ate not epidcmiologu 
cally important. Persons who come in contact with clinical 
diphtheria may also acquire the infection and harbour virulent 
diphtheria bacilli in their nasopharynx without developing the 
disease. The organism rapidly disappears from them, but a certain 
percentage continues as persistent carriers. Contact with the 
disease is by no means always necessary to establish a carrier 
State : a few persons who would have ne\cr come in contact with 
diphtheria patients also show the presence of virulent bacilli in 
Iheir throat ; they get the infection from other diphtheria carriers : 
the condition may be transient or permanent. Those who harbour 
the bacilli without liaving suflered from the disease are called 
healthy earners or contact carrier. There is no definite data 
rc^rdiftg the duration of this caniet state. AU such carriers 
w are not necessarily immune; but when immunity exists it must 




CORYNEBACTERIUM 


533 


time or other but js still harbounog the mfection in his naso- 
pharynx or he may be a simple contact earner. As in the case 
of other respiratory infections, the organism is discharged in the 
secretions of the nose and throat. Spread occurs from man to 
man by direct contact or indirectly by the droplet method. The 
■organism gams entry through the nose and the nasopharynx which 
form the common sites of the primary lesion. In a fe«’ epidemics 
milk has been mcnmmaled as the transmitting agent It is true 
that diphtheria baciUi can live jn milk without producing gross 
changes But it seems very doubtful whether milk serves as a 
common vehicle of infection Evidence is also against the view 
that transmission may occur through infected articles, such as 
toys, drinking cups, pencils, pens and the like There is some 
evidence to suggest that infected dust may play a part m trans- 
mission. 

Carriers. Diphtheria bacilli are found to remain at the site 
of lesion for varying periods after the disappearance of symptoms. 
Persons who harbour the infection following recovery from the 
disease are called convalescent earners (q.v ) The vast majority of 
these become free of bactlU in about fifteen days after recovery. 
Some cases take a longer time for clearance, while a few carry 
the bacilli persistently. In this connection, it is important to 
keep m mind that non-virulent non-toxigenic baciih. resembling 
in other respects C diphihcnae, may be found in the nasopharynx 
alone or in association with virulent strains. But, as the avjrulent 
strains never regain virulence, such carriers are not epidcmiologu 
cally important Persons who come m contact with clinical 
diphtheria may also acquire the infection and harbour virulent 
diphtheria bacilli in their nasopharynx without developing the 
disease. The organism rapidly disappears from them, but a certain 
percentage continues as persistent earners. Contact with the 
disease is by no means always necessary to establish a earner 
state a few persons who would have never come in contact with 
diphtheria patients also show the presence of virulent bacilli m 
their throat , they get the infection from other diphtheria carriers • 
the condition may be transient or permanent Those who harbour 
the bacilli without having suffered from the disease arc called 
healthy earners or contact earners There is no definue data 
regarding the duration of this earner slate All such earners 
are not neccssanly immune, but when immunity exists it must 
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time or other but is still harbouring the infection in his naso- 
pharynx or he may be a simple contact carrier. As in the case 
of other respiratory infections, the organism is discharged in the 
secretions of the nose and throat. Spread occurs from man to 
man by direct contact or indirectly by the droplet method. The 
organism gains entry through the nose and the nasopharynx which 
form the common sites of the pnmaiy lesion. In a few epidemics 
milk has been incriminated as the transmitting agent. It is true 
that diphtheria bacilli can live in milk without producing gross 
changes. But it seems very doubtful whether milk serves as a 
common vehicle of infection. Evidence is also against the view 
that transmission may occur through infected articles, such as 
toys, drinking cups, pencils, pens and the like. There is some 
evidence to suggest that infected dust may play a part in trans- 
mission. 

Carriers. Diphtheria bacilli are found to remain at the site 
of lesion for varying periods after the disappearance of symptoms. 
Persons who harbour the infection following recovery from the 
disease are called convalescent carriers (q.v.). The vast majority of 
these become free of bacilli in about fifteen days after recovery. 
Some cases take a longer time for clearance, while a few carry 
the bacilli persistently. In this connection, it is important to 
keep in mind that non-virulcnt non-toxigenic bacilli, resembling 
in other respects C. diphihenae, may be found in the nasopharynx 
alone or in association with virulent strains. But, as the avirulent 
strains never regain virulence, such earners are not cpidemiologL 
tally important. Persons who come in contact with clinical 
diphtheria may also acquire the infection and harbour virulent 
diphtheria bacilli in their nasopharynx without developing the 
disease. The organism rapidly disappears from them, but a certain 
percentage continues as persistent carriers. Contact with the 
disease is by no means always necessary to establish a carrier 
state; a few persons who would have never come in contact with 
diphtheria patients also show the presence of virulent bacilli in 
their throat ; they get the infection from other diphtheria carriers ; 
. the condition may be transient or permanent. Those who harbour 
the bacilli without having suffered from the disease arc called 
healthy carriers or contact carriers. There is no definite data 
regarding the duration of this carrier state. All such carriers 
are not necessarily immune; but when immunity exists it must 
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PfcsMcc of nntitaxln in thdr 6/ood. Tfie proof 
that healthy carriers may also develop immunity conics from the 
fact that m some of Ihe large cities of the West more than 70 per 
cent, ofthc popuhuon above six years of age show the presence 
of circulating antibodies against diphtheria, as indicated by the 
Schick l«l. This is not entirely a result of recovery from clinical 
diphtheria,* the carrier state may also account for it. In places 
where prophylactic immunisation has been extensively practhed, 
the rate of healthy carriers has greatly increased. The carrier 
rale in n community may, therefore, be an indication of the level 
of immvmly of that commonky. 


Tliose who harbour infection permanently, cither as a com* 
plication of the disease or after contact with clinical eases or other 
carriers, arc the chronic carriers. Some pathological condition 
of the tonsils would seem to be responsible for the persistence of 
infection in many of these cases, as after tonsillectomy they teod 
to gel rid of the carrier state. The carrier rate varies In dilTercat 
localities and also during dlHerent seasons. From published 
figures an estimate has been made of a 0*6 per cent, healthy 
carrier rate of virulent diphtheria bacilli among the general non- 
contact populations of the European countries and a very much 
higher rate, 7~I5 per cent., among contacts. The available 
evidence tends to show that it may be low in the tropicsjno 


precise iaCormation aboot it is nvailaWe. 

Diphtheria, like tetanus, is essentially a toxaemia. In the 
natural disease, as in the experimental animals, there is usually 
no dissemination of the organism into the tissues of the host 
beyond the immediate neighbourhood of the local lesion. The 
systemic cficcts following the absorption of toxin constitute by 
far the most serious feature. The chief local event is the occur- 
• t* , ThfK of a toxic 


exudation from the suojacem 

a oscudo-membrane. This consists of fibrin, dead tissue cells, 
leiKOCVtcs. red cells and bacteria. The process occurs mostly 
nutside the basement membrane and the bacilli are seldom seen • 
<■ hf^fnw this. The false membrane is firmly moored down by 

its name froni the characlcostfc (leatheiy) false membrane 
tTso foOTS The «(ent and tticlness of the membrane «.ve 
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an approximate measure of the degree of toxaemia. Hifldrance 
to breathing may be a mechanical consequence of the presence 
of the membrane. The post-mortem findings are described in a 
foregoing paragraph. 

The gravis and the intermedius types are responsible for the 
severer forms of the disease in many localities ; the mitis is rela- 
tively mild. This is not a universal observation and variations 
may occur in different places and in different epidemics (p. 525). 
It is a well attested fact that the mortality rate has been consi- 
derably reduced after the introduction of scrum therapy. The 
mortality rate is highest in the gravis type of infection and least in 
the mitis type. The figures from several epidemics show an average 
of about 10 per cent, fatality rate. The success of antitoxin treat- 
ment is most noticeable in the mttis and least in the gravis type of 
infection. 

Immunity, Immunity to diphtheria is essentially an antitoxic 
immunity. The immunity developed as the result of inapparcot 
^ infection or after prophylactic immunisaiion is also of the same 
nature. Recovery from the disease confers a high degree of 
immunity and is associated with the presence of antitoxin in the 
blood; second attacks are very uncommon. 

Diagnosis. The clinician should not wait for a bacteriological 
» confirmation of diphtheria. As soon as he suspects a case, 
he should administer the specific trcalmcnl and take the necessary 
prccauUons, However, the bacteriological examination should 
never be omitted. At the same time it should be remembered that 
the isolation of the diphtheria bacillus from the throat is not 
always a proof that the disease is diphtheria, as much as a failure 
to do so is not always a proof against the disease. 

By direct microscopy a presumptive diagnosis is made in 
acute cases. It has some value and, where conditions permit, 
should be followed as a routine. The inflammatory exudate 
from the site of the lesion is taken by means of a sterile swab, 
I earefuUy rubbed over the false membrane or the mucosa over the 
affected area. Smears are made from the material ; one is stained 
by the Gram’s method and another by any of the special stains — 
LocSler’s methylene blue, Neisset’s stain or Pugh's stain. In 
■acute cases the characietisUc weakly Gram-positive bacilli are 
usually found in large numbers. A positive finding, however, 
depends not a little on the way in which the material is taken. 
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J-ocffler. In such cases proper colonies from the tellurite plate 
should be subcultured on Loeffler*s serum slopes and the growth 
examined microscopically, because, as noted above, microscopy of 
tellurite colonics is not characteristic. By these procedures alone 
a fairly correct diagnosis can be arrived at in a high proportion of 
cases of throat diphtheria. But in nasal diphtheria or in the 
diphtheritic affKrtioD of other sites and wounds and when dealing 
with diphtheria earners, it is necessary to proceed with further 
identification tests. 

On morphological grounds the differentiation of the diphtheria 
bacillus from Hofmann’s bacilllus may often give some difficulty, 
especially in mitis cases. Hofmann's bacilli are strongly Gram- 
positive, relatively stout and short, usually non-granular but 
presenting often a diplococcal appearance due to the presence 
of an unstained bar in the middle of the organism. 

After isolation the study of the b/ocbenwcal and haemolytic 
properties should be proceeded with. The following table gives 
the sugar reactions. But these arc only of subsidiary importance. 
For, in spite of agreement on all these points, there is no certainty 
that the strain isolated is toxigenic and virulent. This can only 
be decided by the virulence or pathogenicity test. 

Table xviii 


Biochemical Reactions of C. Dipbtfaeriae and Certain Allied Species 


' 

Glucose 

Maltose 

Saccharose 

C hofmanmt 




c. diphtheriae . . 


+ 


C. acnes 

+ 

.+ 


C. xerose 


4* 



Viruicnctf test should always be done in the case of bacilii 
isolated from all forms of the disease, except the acute throat 
*ypc. and from'carriers. The guinea-pig is the animal of choice. 
Rabbits may also be employed. C. diphtheriae never fcrmenls 
saccharose and by a preliminary fermentation test such strains 
as ferment this sugar are climinattd. A pure twenty-four hours’ 
growth on Loefller’s serum slant, emulsified in sterile broth (saline 
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important preliminary step and is done by means of the Schick test. 
In actual practice, however, Schick testing as a routine measure 
prelimina^ to immunisation is not always feasible; children 
under eight years of age are generally non*immune and the test 
may, therefore, be omitted below this age. 

Schick Test. This lest actually makes it possible to discover 
whether or not diphtheria antitoxin is present in the circulating 
blood of an individual in sufficient quantity to ward off an attack 
of diphtheria. It is done by injecting intradermally a minute 
quantity of diphtheria toxin which is an initant to the normal 
tissue. A positive test shows either that the person has' no anti- 
toxin in his blood oi, if he has, the litre is less than 1 : 100 to 
1:200A.U. per c.c., which is generally inadequate to protect 
him against an attack. With this or a higher concentration of 
antitoxin in the blood the injected toxin is neutralised in the tissues 
preventing any local reaction ; the test is then negative. It may 
he noted that the antitoxin content among the Schick-negatives 
tnay vary widely and that no rigid Schick-negative level can be 
laid down. The positive reactor is the susceptible and he should 
he protected, whereas the negative reactor either does not get 
the disease at all or, if he does, only the mildest form. There is 
also the possibility that diphtheria occurring in the Schick-negative 
Individuals may be the grcvij type. It is seldom fatal. 

The test is done by injecting intracutaneously on the anterior 
aspect of the forearm one-fiftieth of a minimum lethal dose of 
diphtheria toxin contained in 0-2 ml. of the inoculum. This 
amount is the original Schick test dose; it contains also some 
toxoid; the dose is now so adjusted that it should be just enough 
to neutralise a thousandth part of an international unit of anti- 
toxin. The employment of a larger dose will produce reaction even 
in those indmduals>who have a sufficiency of antitoxin in their 
blood for protection. As a control, an equal quantity of the 
«me toxin, detoxicated by beating to 70” C. for 5 minutes, is 
injected on the other arm. The arms are examined every day 
and the result is read on the fourth and seventh days ; if only 
one reading is possible, the seventh day is to be preferred. A 
negative reaction is indicated by the absence of any change in 
either arm. In a positive reaction, while there is no change in 
the control arm, the test arm shows the appearance of a red 
inflammatory swelling at the site in twenty-four hours; this 
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rnnhi orsa^sm) and slandardistd lo 

The “r®™ mtml 

1 he test may be perfonsed either by the subcutaneous or by 4t 

intraderroal method of Romer: the latter obtains greater vogue, 
as it does not involve the sacrifice of animals and as it allows the 
testing of several strains on the same animal. In this, two youag 
healthy white guinea-pigs, each weighing 400 g., are chosen, one 
as the test animal and the other as the eontrol. Tie hair from 
the abdomen is removed either by shaving or by the applicadoa 
of a depilatory. The control animal receives overnight 500 units 
of antitoxin intrapcritonealJy. The following morning the parts 
are cleaned and 0-2 mi. of the suspension is inoculated inlta* 
dermally into each animal and the site of in/eetion marked by a 
coloured pendl. Thus, several cultures can be tested sinidta* 
neously on the same animal. If more than three or four specimens 
are injected at the same time, the test animal also should be ghta 
100 units of antitoxin four hours after the injection of cultum 
so that it may not die of the cumulative effect of the iaocukm. 
A positive test is indicated by the production of a deSmle local 
inflammatory lesion, about 15 mm. in diameter, at the site of 
injection after twenty-four hours followed by superficial necrosis 
in three to four days and later healing, while the control pig 
shows no such reaction. Absence of reaction in both the test 
and control animals is evidence of non-vimJence of the suspected 


strain. 

In the subcutaneous method 0'5c.c. of the saline suspensioo 
is injected subcutaneously into each of two gumea-pigs, one of 
which has previously received a protective dose of antitoxin. 
While the control aDiaoal remains alive, the test animal dies in 
twenty-four to ninety-six hours, presenting characteristic 
mortem appearances, if the organism is virulent. 

Prophylaxis. The prevention of diphtheria is a major pubhe 
health problem in many countries. Active immunisation is the 
chief speciSc measure employed in combating the spread of 
infection. Wholesale immunisation of a community is ncith^ 
nracticable nor necessary; it is only the susceptibles that need 
” . — j .t-. — mostly chtldrea below the age of 


such orotcction and they are mostly chddreo ue/ow me age w 
v<* 3 fs. Infants under six months are not usually immunised. 


ffl«rsm‘trbte’timc for aaive insfflmUation is bsttvren one 
S Se years. The tecUon of the suscepliWes .s obnoesly an 



CORYNEBACTERIUM 


541 


Formol-Toxoid (F.T.). It is the detoxicated product derived 
by the treatment of toxin with fonnatin (p. 211). The toxoid 
is a powerful antigen with a greater immunising capacity than the 
toxin-antitoxin mixture. It is free from any serum protein, but 
older children and adults often show marked sensitiveness to it 
because of the presence of protein from the culture media. Hence, 
it is not advocated for individuals over the age of ten years, The 
sensitiveness can be elicited by the Molony test which is done 
the intradermal injection of 0*2 c.c, of a weak dilution of the 
toxoid, I *. 100. The appearance of a local erythema and indura- 
tion in the course of forty-eight hours constitutes a positive 
reaction. In the absence of a positive reaction formol-toxoid can 
be given with safety ; it is adraimsieced intramuscularly, the usual 
course consists of three doses of 0-5, 1*0, and 1 •Oc.c. at intervaU 
of two to three weeks. 

Toxoid-Antitoxin Mixture (T.A.M.). This reagent is a par- 
tially neutralised toxoid and is less likely to cause reactions tbau 
formol-toxoid. But it is a less potent antigen than the latter. 
Three injections of I c.c. each are given intramuscularly at inter- 
vals of two to four weeks. It is generally sufDcient to confer 
adequate protection. 

Toxoid-Antitoxin Floccules (T.A.F.). This is a saline suspen- 
sion of the precipitate formed when toxoid is neutralised with an 
equivalent amount of antitoxin. It has a high antigenic value 
and causes but a slight reaction. The dosage is the same as that 
of T.A.M. 

Alum-Precipitated Toxoid (A.P.T.). The addition of a small 
amount of alum to formol-toxoid causes the precipitation of the 
latter. The precipitate, after being washed, is resuspended in 
physiological saline’, it is relatively insoluble, forming a turbid 
suspension. The A.P.T. is also refined as most of the culture 
proteins in the original toxoid is discarded in the supernatant 
fiuid. It possesses a high immunising value. Even a single dose 
of 0'5c.c. produces excellent results ; but it is advantageous to 
give two doses of 0* 5 c.c. each at an interval of four weeks. With 
such a course about 98 per cent, of Schick-positives arc con- 
vened into Schick-negatives, whereas the conversion rates of 
other prophylactics are always less than this. The advantage 
of A.P.T. is Us prolonged stimulant action due to its insolubility 
and consequent slow release of the toxoid from the site of injection. 
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mcreases to a ntaxunum size in fonr to seven days when it elouH 
in n f >’>*»■"«<«: thereafter it gradually disappean 

n a few days leaving a brownish pigmentation and slight d«,M. 
matton. in the positive case the toxin irritating the tissue gives 
rrec to the loca! inliammatory reaction, whereas in a negative case 
the toxin is neutralised and rendered innocuous to the tissues by 
the nntitoxin present in the tissue fluids (see above). A pseudo- 
reaction is occasionaliy seen. It is aliergie in type and is caused 
oy other protein constituents of the inoculum. It may also be the 
result of Sensitisation with diphtheria bacilli. A slight flush is 
produced on both arms in twenty-four hours. It is not sharply 
defined and subsides rapidly, leaving little or no evidence by lie 
fourth day. A cotubined, pseudo and positive, reaction is rnarked 
by a slight reaction on the control arm and i 


more exaggerated 

reaction on the test arm. By the fourth day the latter heemnes 
unmistakable while the reaction on the control arm would have 
practically vanished. 

As the immunity in diphtheria is predominantly antitoxic 
in nature, prophylactic immunisation aims at the creation of 
this type of immunity in the susceptible individuals of a TOm- 
munity. The material used for vaccination, therefore, is the toxin 
or its products. Several preparations are available. The em* 
ploymcnt of the toxin is too dangerous for human beings', 
even a very minute dose wili cause intense local and possibly 
systemic reaction. Hence, it is never used for the immunisation 
of man. 

The To.xin-Antiloxin Mixture. This is now seldom used, as 
it is not free from risk; the introduction of the toxoid, a highly 
antigenic but relatively harmless and so safe product, has also 
contributed to its disuse. Each c.c. of the mixture usually em- 
ployed contains 0- 1 L+ dose of toxin and O-OS unit of antitoxin; 
the toxin is therefore slighUy uudei-ntutrafeed. It is liable to 
produce severe reactions. Rarely it causes serious accidents due 
to the presence of excess of free toxin from several causes, such 
as the deveiopment of Danyse Phenomenon (p. 2S5) if adequate 
atteotion is not paid on the mode of mixing, dissociation of toxin 
and antitoxin under the effect of freezing during preservation 
■ or inactivation of antitoxin by the preservative antiseptic. Three 
toses of ! C.C. each, adrainistcied subcutaneously at intervals of 
one to two 
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older patients and in severer cases. Under the age of two years, 
2,000 to 10,000 units may be ^ven, depending upon the severity 
of the disease; between two and fifteen years 3,000 to 20,000 
and in adults up to 50,000 units may be given. Given by the 
intramuscular route, the serum is absorbed into the circulation 
sufficiently rapidly, but, where quicker action is desired, the intra- 
venous route must be chosen. 

When the disease is due to the gravis type serum treatment 
scarcely confers any benefit and the mortality rate remains high. 
The reason for this discrepancy is still obscure. No immuno- 
logical difference has been made out beyond doubt between the 
toxins produced by the different types of C. diphtheriae. Several 
explanations have been offered to account for this mysterious 
behaviour of the gravis type towards antiserum. The rate of 
toxin production in the gravis type may be too high to be neutra- 
lised as quickly as it is formed or the avidity of the antitoxin for 
the toxin of the gravis type may be low. It may be that, in addition 
to the toxin, other toxic factors, such as the endotoxin, may also 
be contributing to the greater severity of the gravis type. 

Coryaebacterium Hofmannil. Hofmann's bacillus is a diph- 
theroid found as a commensal in the throat. 

Morphology and Staining. It is shorter than the diphtheria 
bacillus and often presents a bulged out oval appearance. It is 
non-motile. In stained preparations an unstained central septum 
gives it a diplococcal appearance. Unlike the diphtheria bacillus, 
it is strongly Gram-positive and usually devoid of mctachromatic 
granules. 

Culture. The growth is similar in character to that of 
C. diphtheriae but more abundant and the colonies are larger and 
more opaque. Growth is not inhibited by the presence of 
tellurite. 

Biochemical Reactions. It is inert. Vide table on page 537. 

Toxin Production and Pathogenicity. In both these respects 
Hofmann’s bacillus is inactive, 

Corynebacterium Xcrose. The xerosis bacillus is another 
diphtheroid ; it is a normal inhabitant of the conjunctival sac. 

Morphology and Staining. This organism bears a close 
resemblance to the diphtheria badllus, but a barred appearance 
U the predominating feature and mctachromatic granules are 
infrequent. It is non-motile. 
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The diphtheria prophyhetta are Btandardhed ^ sccotdma 
with the rules laid down in the Th«apeut.e^Substaa«s^A^, 
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MYCOBACTERIUM 

The organisms comprising the genus Afycobacterium are 
slender rods whith are stained with difficulty, but v,hen once 
stained they are ccid*fast, i.e., they resist decolorisation tvilh 
mineral acids. The cells tomciimes show swollen, irregular and 
branched forms. Growth is slow for rnost species. They are 
non*motile, non-sporing. Gram-positive and aerobic. Several 
species are pathogenic to man and animals. 

The first member to be described was the leprosy bacillus 
or Mycobacterium leprae by Hansen in 1874. In 1882 Koch dis- 
covered the tubercle bacillus or Mycobacterium tuberculosis ; he 
isolated and grew the organism in pure culture and brought for- 
vratd evidence to prove Its causal relationship to tuberculosis. 
Subsequent work established the existence of two types of Myco- 
bacterium tubercuhsis: the human and the bovine, Mycobacterium 
tubercuhsis var. hominis and Mycobacterium tuberculosis var, 
fcovii respectively. Koch’s work was followed by the discovery 
of the avian type, Mycobacterium aviutn, by Rivolta (1889) and 
of the “cold-blooded” types, causing disease in the birds and 
the cold-blooded animals respectively. Subsequently, various 
saprophytic species were discovered; Mycobacterium smegmatis 
or the smegma hacillus frequently present in the smegma of both 
sexes, Mycobacterium phlei or the timothy-grass bacillus, Myco- 
bacterium stercorls or the mist (manure) bacillus found in cattle 
manure. Mycobacterium butyricum or the butter bacillus and 
several others. Another acid-fast bacillus is Mycobacterium 
paratuberculosis or Jobne’s bacillus described by Johne and 
Frothingham (1895) from cases of chronic enteritis in cattle, now 
known as Johne's disease. Stefansky (1903) found an acid-fast 
organism’ in the lesions of rat leprosy, Mycobacterium leprae 
murium. Wells (1937) isolated an acid-fast bacillus from naturally 
occurring tuberculosis-like lesions in voles. For it the name 
Jl/>cofcactcrium murls has been proposed. • 
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Culture. The colonies are smaller than those of C.dMtferise. 

Some strains arc slow growers. TeUurite docs not inhibit in 
growth. 

Biochemical Reactions. Refer to the table on page 537. Tie 
xerosis bacillus ferments saccharose, a point of difference from 
C. diphtheriac. 

Toxin Production and Pathogenicity. No toxin is produced 
by the xerosis bacillus; no pathogenicity has been established 
for it. 

Corynehactcrlum Acncs. This organism is found, in acne 
lesions in association with a white staphylococcus and is regarded 
as actiologically related to acnc. 

Morphology end Staining, ft is a diphtheroid, usually mcasu* 
ring about 1'5 x 0-5 micron and markedly pleomorphic. Jt is 
non-molilc, weakly Graro-positiveand sometimes beaded. , 

Culture, The acnc bacillus is a microacrophilic organism. 
Growth occurs aerobically in a medium containing blood cr 
serum with a pH ranging between 6*2 and 6*8. Much better 
gro^vth is obtained under anaerobic conditions and for primary 
isolation such methods have to be employed. Glucose improves 
growth and in a glucose agar shake culture fairly large discrete 
colonics are formed at the bottom of the tube. Older coloaies 
on solid media have a rose-coloured tint. 

Biochemical Reactions. Refer to the table on page 537. 

Toxin Production and Pathogenicity. Its constant presence 
in the pustules of acne vulgaris suggests an aetiological relation- 
ship. 
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helps to soften the waxy material which is thus rendered more 
permeable to the aqueous dyes, and phenol serves as a mordant. 
The property of acid-fastness appears to be due to the presence 
of an unsaponifiable chlorofonn-soluble wax in the envelope of 
the baciUus. The greatet the amount of this material present the' 
greater is the resistance to decolorisation. The tubercle bacillus 
has been shown to contain more of this wax and is, therefore, 
more acid-fast than any of the other acid-fast organisms. This 
explanation of acid -fastness is not universally accepted. 

The tubercle baciUus is also alcohol-fast and Gram-positive, 
but considerable difficulty is experienced in staining it by the 
ordinary Gram’s technique. Hence, it is not employed as a 
routine procedure in the examination of materials. There is no 
difference in the staining property between the human and the 
bovine types. 

Granular and filterable forms of Myco. tuberculosis have been 
described (p. 333). The former are called Much's granules after 
the first describer; they are non-acid-fast and require the special 
staining method devised by Much to show them up. Others 
also have seen these forms. They are said to be virulent and 
capable of growing into the typical acid-fast rods. It may be 
realised that large numbers of acid-fast bacilli, perhaps 100,000 
or more per cubic centimetre, should be present in the specimen 
to enable a positive diagnosis to be made by smear examination. 
Hence, when a culture is grown from a microscopically negative 
material, it may be from missed bacilli and not necessarily from 
any granular variants. The question, therefore, should he kept 
subjudice, pending further studies. Many workers consider the 
granules as degeneration products. Much has also described 
the finding of non-acid-fast bacillary forms in the lesions. Such 
forms may occur in young cultures. The occurrence of filterable 
forms is still more doubtful. The granular and filterable forms 
have been interpreted by the upholders of their occunence as 
indicative of a regular succession of morphological states, or 
cj'clogeny, which the tubercle bacillus goes through. The evi- 
dence so far as it goes does not support this assumption (p. 342). 

Growth Requirements. The tubercle bacillus is an obligate 
aerobe, refusing to grow under strict anaerobic conditions. A 
high oxygen tension and plenty of moisture are essential for its 
growth. Plenty of condensation water, therefore, makes the 
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Mycoba?toi»m Tobcrciiteis. This orjanism is the causs of 
tubercuiosts .n nian and cattle. The species is divUihle into two 
varictjcs, the human and the bovine; the disease they cause is 
sometimes referred to as mammalian tuberculosis to disHagmsh 
It from tuberculosis of birds and of coM-blooded animals. Nov 
the recently discovered vole tuberculosis has also to be included 
in the mammalian form. 

Habitat. The tubercle bacilli arc strict parasites and do 
not multiply outside the host tissues. But they are found to 
remain alive and virulent for considerable periods in dust, towels, 
boolcs and other contstainsted articles, tbeir source in these 
being mainly the sputum, nasal and oral discharges and sprays, 
urine, etc., containing the organism. 

Morphology and Staiotng, They are slender rods, 0-5— 4*0 by 
0-3 to0“6micron, straight or slightly curved with rounded endi, 
arranged singly or in small clumps, staining uniformly orirrcgalafly. 
In culture they arc shorter and more slender than in tissues. Clu^ 
bed, iilamentous and branching forms are rare features seen when 
growing in artificial media; branching forms are more frequent in 
cultures of the avian type. The occurrence of true branchiag 
and filamentous forms shows the close taxonomic relationship 
these bacilli bear to the higher fungi, hence the same MycO' 
bacterium. Bovine strains arc said to be shorter, stouter, 
straighlcr and less granular in appearance than the human slraios, 
but, as the morphology of both is variable, if does not always 
help in their identification. The tubercle bacihi do not form 
flasella» spores or capsule. They have an envelope with a high 
content of lipoid. 

The tubercle bacillus is very resistant to staining by the 
ordinary methods. Hence, several special methods have been 
devised, all based on the property of acid-fastness, A strong 
dye, such us the basic faebsio, is employed with phenol as a 
mordant. Even then prolonged staining or the application of 
heat is necessary. Once stained, the organism resists subsequent 
dccolorzsati'on with dilute mineral acids. The best and the most 
widely used one is the ZieW-Nedsen method. Stained by this 
method, the acid-fast bacilli appear red on a blue baclcground, 
the tissue cells and other organisms also takiog a blue tioge. 
Same workers prefer a yellow couaterstain and use picfjc acid, 
one per cent. BismareJe brown or some other stain. Healing 
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or heaped-up appearance and a grey or buff to yellow colour. 
The bovine type shows poorer growth and no pigmentation. A 
fruity odour is a peculiar feature of the cultures of the tubercle 
bacillus. Another striking feature of Us growth is its tough and 
tenacious consistency. Though friable, the growth is emulsified 
with great difficulty. A uniform emulsion can be made only 
by grinding up the growth for a long time. In glycerine broth the 
tubercle bacillus does not produce any turbidity but grows in a 
thick, white or cream-coloured and corrugated or wrinkled 
pellicle, extending up the sides of the flask. In course of time a 
granular or scaly deposit is also formed at the bottom. Bovine 
strains give rise to a thin, greyish white film with a slightly nodular 
appearance; a slight granular deposit is produced but no turbi- 
dity. The avian type grows more freely on all media than the 
mammalian types and the cold-blooded ones more readily than 
the avian. The saprophytes arc easy growers. 

Biochemical Activity. Very little is known about the bio- 
chemical activities of this organism. The tubercle bacilli are 
able to grow in milk, but no visible change is produced. Some of 
the sugars, like glucose, arabinose and sometimes saccharose, 
are attacked with the production of acid without gas; lactose 
U not attacked. There is no evidence of indole production. The 
hovinc variety renders glycerol broth alkaline, while the human 
type makes it slightly acid. 

Glycerol is readily utilised by the human type, but this acti- 
vity is very much restricted in the case of the bovine type. The 
human type develops an yellowish to red pigment, while the 
bovine variety never produces pigment. 

Resistance. The tubercle bacillus is destroyed by heat very 
rapidly. Boiling milk for one minute kills it. Sunlight and 
ultraviolet rays are also rapidly lethal, the culture form being 
killed within two hours of exposure to the former. But the 
organism resists desiccation for a long time. It is also relatively 
resistant to chemical agents and use is made of this property in 
devising means for the isolation of the organism. Marked 
resistance is evinced to 5 per cent, phenol, antiformin, 4 per cent, 
sodium hydroxide or 15 per cent, sulphuric acid, all of which 
kill off the associated organisms in five to twenty minutes, but 
do not interfere with the vitality of the tubercle bacillus. A 5 
per cent, phenol takes about 24 hours to destroy the organism. 
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medium more favourable. In scaled tubes the orpnism erase 
to grow after three or four tveeK The optimum temperature is 

C. tor the mammaiian types, as Compared to 40’C. for tin 
avian and 25® C. for the cold-blooded forms. No growth occun 
wlott' 30 or abo\’c 42* C In the case of the uiammaJian 
but the co?d«bIoO(fcd and the saprophytic strains have 3 auch 
wider range of temperature, 

Mycobacieriufn jubcrcuhsis requires special culture cjcdia 
for growth. Even on these it grows very slow/y and takes a W'eck 
or more to grow into macroscopic size and four to six weeks to 
give an abundant growth. The human type grows IwwianUy, 
particularly when (he medium is gJyccrinatcd, but the gronth of 
the bovine type is relatively poor. For this reason, the fonoer 
js termed cugonic and the latter dyssonic. The most satisfactoiy 
media are the inslpissatcd serum, coagulated egg sod glyccrjnatcd 
potato. Certain more complex media, like PetrolT's, Lowenstcia’s 
and Corper’s, have been claimed to be superior to these. Thouih 
growth does not occur in ordinary media. }>ke nutrient agar end 
broth, the addition of 5-6 per cent, glycerol renders them suitable 
for the growth of all types. But this suitability is more apgarcBl 
in the case of secondary cultures and reliance should not be placed 
on this method for primary isolation. The human type grows 
more profusely on the special media when glycerol is added, 
w'hcreas the growth of the bovine type is cot mfluenced by this. 
Some observers consider that glyccroi may even inhibit the growth 
of the bo'ine type. Glucose also acts more or less in the same 
way as glycerol. 

Several synthetic media have been devised for growing the 
tubercle bacillus; one of the best known is long's synthetic 


medium which coatams giyvefoU asparagin, citrate and inorganic 
salts: the tubercle bacilli are best grown on (his when they are 
required for the study of their chemical constitution. 

Cultural Characters. The character of the growth depends 
upon the type of the orgam'sm and the medium employed. On 
coagulated beef serum the human type presents s thin, effuse, 
coanueat. hoely granular, ground glass appearance with a grey 
and later ycUow colour. Tlw bovine type shows the same growth 
character on this medium but does not produce pigmentation. 
On coasuhKd tge of ■Jiff'" 

or confluent, slishUy rmed mtb a comely granular, nodular 
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Differences seem to exist between the proteins of the saprophytic 
and pathogenic types and even among the various species of the 
latter. 

Phthioic acid, when introduced into experimental animals, 
induces the multiplication of epithelioid cells, and the unsaponi- 
fiable acid-fast wax that of undifferentiated connective tissue 
cells. The tuberculo-proteins cause tissue allergy and seem to 
stimulate the formation of monocytes, epithelioid cells and giant 
cells in tubercles. They constitute the active agents in the tuber- 
culins. The significance of polysaccharides has not been well 
studied. They may play a pan in the pathogenesis probably 
by neutralising the opsonins and also by exerting a toxic action on 
the neutrophil leucocytes. 

Antigenic Structure. The antigenic structure of the tubercle 
bacilli is not fully worked out. By serological methods they ate 
classifiable into three distinct groups: the mammalian, the avian 
and the cold-blooded. It is impossible to distinguish the human 
from the bovine variety by serological means and they seem to 
constitute a homogeneous group. However, they can be sepa- 
rated by their cultural reactions and pathogenicity tests. Tuber- 
culins prepared from these two types arc indistinguishable in 
their action. The recently discovered murine type does not seem 
to differ serologically from the other mammalian types. Existing 
evidence suggests that the human, bovine and avian types share a 
common antigen, but the avian has also on antigen not found in 
the other two types. _ What confers group specificity to Myco- 
tuberculosis, may be a coqimon polysaccharide, while the proteins 
may be responsible for’'type specificity. 

Variation. Although .extensive studies on the subject of the 
variability of Myco. tuberculosis have been conducted of late, 
the results achieved so far arc in no way conclusive. Certain 
variant forms have been described as occurring spontaneously 
in culture. Such are the granular and filterable forms discussed 
in a previous section. Several workers have reported the occur- 
rence of S-R variation with associated degradation of virulence, 
but this seems very doubtful and evidence in support of it rests 
more on subjective interpretation than on objective proofs. It 
is true that sometimes on certain culture media Myco. tuberculosis 
gives rise to soft colonies which ate butyrous in consistence and 
readily cmulsifiable in contrast to the usual rough rugged type 
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Hypochlontes are almost devoid of aoy lethal effect oa it.' Soiac 
of th& coal-tar dyes in certain dHutions do not affect the growifi 
f the tubercle bacillus, while in the same dilutions they suppress 
the powth of many other contaminating organisms. This fact 
IS taken advantage of in the preparation of several selective media, 
e.g., gentian violet is incorporated in Petroff’s medium, crystal 
vio/et in Corper's medium and malachite green in Lowenstem* 
Jensen’s medium. The organism can sun-ive long, for weeks or 
months, in putrefying sputum or other materials. Minute particles 
of sputum, dried so completely as to float about in the air as dust, 
may be infective up to ten days. Similarly, if the sputum is dried 
and preserved in a cool dark place, the organism maintains its 
viability for as long as six to eight months. The gastric juice 
does not form an eflicient barrier to its passage through the 
stomach. Perhaps the high content of wax is what imparts the 
hi^ degree of resistance to the tubercle bacillus. 

Chemical Strurture. The chemical constitution of no other 


micro-organism has been so closely studied as that of the myco- 
bacteria. Hie tubercle bacilli show a relatively hifh content of 
Hpotdal materials which may be up to 41 per cent, of the dty 
weight Proteins form about 50 per cent, of the dry weight and 
feey arc mosdy composed of nocleoproteins. The proportion 
of polysaccharides is very low; they may be of the nature of 
haptens. The relative arnount of fat in the various acid-fast- 
bacilli varies considerably ; it is highest in the human type of 
tubercle bacilli and losvest in the saprophytic types. The reverse 
seems to be the case with the polysaccharide content. 


The lipoids arc made up of neutral fats of glycerides, pbos- 
phatsdes and wax. Phospholipoids contain several saturated and 
unsaiurated fatty acids. Besides palmettc, linoleicacd linolenic 
acids, there arc two others which are specific to the tubercle 
bacilli. Thty ate phthioic acid, isomeric with ceroiic acid and 
optically active, and tuberculo-stearic acid, isomeric with stearic 
acid and optically inactive. The waxy substance is also complex 
in structure and contams a hi^ percentage of unsaponifiaWc 
fraction (mykol) whtch is composed of higher alcohols and res'- 
ponsible for the acid-fast reaction. From the neutral fat of the 
Lman tubercle baciUus a yellow pigment, pbtbhcol has been 
t<?nf 3 ted The proteins of the tubercle bacilli contain d}ffereot_ 
complex components, of which at least two appear to be antigenic. 
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is less susceptible than the rabbit. Subcutaneous inoculation into 
the former produces only a localised abscess with no visible 
tubercle formation. Large intraperitoneal doses prove fatal in 
a few weeks. On post-mortem examination no macroscopic 
tubercles are visible, but cultures and smears from the liver and 
spleen show the presence of the organism. The disease in which 
there is multiplication of the bacilli without macroscopic tubercle 
formation is called the Yersin type of tuberculosis. 

Whether injected with tuberculous material or culture of 
either type, guinea-pigs die of generalised tuberculosis in six to 
fifteen weeks; rarely death may bc'delayed even up to a year or 
more,' Following subcutaneous inoculation, usually into the 
left thigh, a local swelling appears which later caseates and 
ulcerates, discharging caseous matter containing innumerable 
bacilli. If the injection is given intramuscularly, ulceration does 
not occur and for this reason this method is more advantageous. 
The focal lymphatic glands are soon affected and the infection 
then extends to other lymphatic glands of the body. Dissemina- 
tion of infection soon follows and the animal dies of generalised 
tuberculosis. Autopsy shows a caseous local lesion; enlarged 
and caseous focal glands, the caseation becoming less and less 
marked with the distance of the gtonds from the primary lesion; 
the spleen is several times enlarged and mottled with yellowish 
white, irregular areas of necrosis, varying greatly in size; the 
liver is enlarged, presenting a similar but less marked appearance; 
the lungs show relatively slight lesions and the kidneys practically 
none. The necrotic foci on an enlarged spleen and liver are the 
most arresting features in the gross pathology ; they are peculiar 
to the guinea-pig. Pasturella psendotuberculosh causes a sponta- 
neous disease m guinea-pigs, pscudotuberculosis, with lesions 
somewhat identical to those of tuberculosis. This must be care- 
fully excluded by microscopical and cultural examination. 

Whatever form tuberculosis may take, the underlying histo- 
logical changes are usually the same and consist of the formation 
of the tubercle or mtliary tubercle. It is the constant presence of 
these tiny nodules in all advanced lesions caused by the tubercle 
bacjlU that gives the disease its name. Early tubercles are minute 
greyish white, translucent nodules about the size of a millet and 
plainly visible to the naked eye and having a definite histological 
structure. ' Generally, they have their origin . mainly from the 
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of colonic which very difficult to emulsify. But such cotomt, 
have none of the quahtics characierislic of the S-R variation of 
other bacteria. On the other hand, the evidence is that they are 
environmental, promptly returning to the common form on Inns- 
plantation to the usual medium. The artificiai production of an 
avjruJcnt variant, the B.C.G., is described in a iafer sertioo. 

Toxin Production. No dl/Tusible toxin Is developed by the 
tubercic bacillus and the active principle is the endotoxin liberated 
by the disintegrating cells. The endotoxins of the difFereat types 
are closely related. Tuberculin, even in fairly large doses, is 
Dot toxic to the non-tubercuKsed subject. 

Pathogenicity, The maromalian and the avian types are 
strict parasites. The human variety causes spontaneous disease 
in man, monkeys, pigs, dogs and parrots; the bovine type ifl 
cattle, pigs, horses and man and the avian type in birds and 
occasionally in pigs, sheep and cattle. The cattle tuberculosis 
is a/mosc exclusively due to the bovine type. Fowls and other 
domestic birds are insu^pliblc to the mammalian forms. 

Experimentally" all laboratory animals, especially guinea* 
pigs and rabbits, are very susceptible to the mammalian types 
and relatively less so to the avian type. The bovine type is more 
virulent to the bovines and the laboratory animals than the human 
type. In the cattle the fonner produces a fatal tuherculosis, 
whereas the latter produces only a localised lesion which soon 
heals. Injected into the rabbit intravenously (0*01 to 0*1 rug. 
of dried badJiJ) or subcutaneously (J0nig.)> the bovine variety 
causes generalised tuberculosis and death in 6-12 weeks, whereas 
the human type, in identical dose and given intravenously, causes 
only localised lesions confined to the lungs and kidneys, death 
cither not ensuing or ensuing only after a longer interval. K 
the human type is given subcuwn«>«sly, the lesion is conhned to 
the spot and shows no tendency to spread. The cattle type »s 
also more virulent to gumea-pigs than the human type; but both 
kill them in six to fifteen weeks, the former doing it much earlier 
than the latter. The human strains are thus more virulent to 
the guinea-pig than to (be rabbit. Recently, voles have been 
found to be highly susceptible to the bovine strains, while they 
are resistant to the human strains. 

The avian type is very much less virulent to the guioea-pig 
and rabbit than the mammalian ty^cs. Of these, the guinea-pig 
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is less susceptible than the rabbit. Subcutaneous inoculation into 
the former produces only a localised abscess with no visible 
tubercle formation. Large intraperitoneal doses prove fatal in 
a few weeks. On post-mortem examination no macroscopic 
tubercles are visible, but cultures and smears from the liver and 
spleen show the presence of the organism. The disease in which 
there is multiplication of the bacilli without macroscopic tubercle 
formation is called the Yersin type of tuberculosis. 

Whether injected with tuberculous material or culture of 
either type, guinea-pigs die of generalised tuberculosis in six to 
fifteen weeks; rarely death may be-delayed even up to a year or 
more. Following subcutaneous inoculation, usually into the 
left thigh, a local swelling appears which later cascates and 
ulcerates, discharging caseous matter containing innumerable 
bacilli. If the injection is given intramuscularly, ulceration does 
not occur and for this reason this method is more advantageous. 
The focal lymphatic glands are soon affected and the infection 
then extends to other lymphatic glands of the body. Dissemina- 
tion of infection soon follows and the animal dies of generalised 
tuberculosis. Autopsy shows a caseous local lesion; enlarged 
and caseoQs focal glands, the caseation becoming less and less 
marked with the distance of the glands from the primary lesion; 
the spleen is several times enlarged and mottled with yellowish 
white, irregular areas of necrosis, varying greatly in siae; the 
liver is enlarged, presenting a similar but less marked appearance; 
the lungs show relatively slight lesions and the kidneys practically 
none. The necrotic foci on an enlarged spleen and liver are the 
most arresting features in the gross pathology; they are peculiar 
to the guinea-pig. Pasturella psettdoiubercuhsis causes a sponta- 
neous disease in guinea-pigs, pseudotuberculosis, with lesions 
somewhat identical to those of tuberculosis. This must be care- 
fully excluded by microscopical and cultural examination. 

Whatever form tuberculosis may take, the underlying histo- 
logical changes are usually the same and consist of the formation 
of the tubercle or miliary tubercle. It is the constant presence of 
these tiny nodules in all advanced lesions caused by the tubercle 
bacilli that gives the disease its name. Early tubercles are minute 
Smyish white, translucent nodules about the size of a millet and 
plainly visible to the naked eye and having a definite histological 
structure. Generally, they have their origin , mainly ftom the 
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ocal tissues. The feed connective tissue cells surroDodM Ills 
baciHaty invader proliferate fonaing what are called vMM 
wlls (epithelial-Iilte) with large vesicular nuclei. Several lajets 
of these eeiis are thus famed. They form the essential feature 
of the liisiclogy of the tubercle. The stimulus for their fonoa- 
Iron IS probably partly chemical due to certain of the chemical 
components of the disintegrating bacilli (p. 55)) and partly mecha- 
nical due to the presence of the organism. Giant cells (Langhan’s 
type) soon inalcc their appearance in the developing tnberele. 
■niey are large multioucleate masses of proloplain with a di^ 
tinctive appearance. Their precise oripia is by jjo means esfa- 
Wished, Many hold that they result from the fusion of several 
macrophages (cpitheftoid cells}, forming large plasmodial masses 
contaiaing a large number of nuclei, as though in an effort to put 
«p a more effective conjoint resistance. Others regard than as 
originating from single cells. They may not be formed uali} 
necrosis begins in the tubercle. They may often contain tubercle 
bacilli. Though they are typically formed in tuberculosis, they 
are by no means peculiar to this disease. They are not seen in 
the more acute type of the dis^ease ■Jvhero resistance is poor and 
in very mild infection which does not proceed to necrosis. Simul* 
taneously with the above changes, there is also a leucocytic infilua- 
tioa taking place in the periphery of the tubercle first with neuiro» 
phil leucocytes and soon after With the lymphocytic type. 

As the process coatinoes, degeneration of the tubercle scon 
sets in. U CQtomences with necrosis of the central ponioa 
followed by caseation and softening of the caseated mass. These 
changes, necrosis and caseation, are believed to be caused by 
the toxic bacillary products (endotoxin), the degenerative process 
being aided also by the avascu/arity of the tubercle from throm- 
bosis of the blood vessels. Caseation may not occur always; 
where resistance is high or virulence of the organism low it is 
absent. Caseation is associated with a very rapid multiplication 
of the bacilli, accounting for the presence of large numbers of 
them in the freshly liquefied j»alerial. The tubercles may also 
ooelescc and form large masses. Another event that may occur 
is the erosion of a blood vessel, causing massive infection of the 
blood stream ; it leads to rapid ^ccaU^ation of infection, setting 
up acute miliary tuberculosis. Instead of softening and i/que- 
faction, what happens sometimes is calcification or deposition 
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of calcium salts within the tubetcle. The caseating mass is sur- 
rounded by fibroblasts and is eventually completely encapsulated 
and walled off from the surrounding tissue. This happens when 
the resistance of the individual is high or the virulence of the 
organism low : even in these so-called healed or quiescent 
lesions bacilli may still survive as can be proved by animal 
inoculation. 

Human Tuberculosis. Tuberculosis is an infectious disease 
with a universal distribution. Mountainous areas, like the Ghats, 
the Himalayas and the Andes, and many isolated and remote 
islands were at one time completely free from it. This freedom 
was not due to any inherent resistance on the part of the popula- 
tion of such areas to the infection, but the disease did not exist 
there before and there was no opportunity to contract it. When 
subsequent contact with civilization also brought with it infection, 
tuberculosis spread among these virgin populations in epidemic 
form, causing the death of a large proportion of the people in a 
short time. The Gurkhas of Nepal and the Negroes of Africa are 
examples of such populations that were affected by high death 
rates on first contact with the disease. In such a community 
the chronic type, prevalent among the civilized nations, is not 
met with. What is seen resembles the acute form occurring among 
infants of civilized people. In the present there is no native race 
that has not come in contact with civilization and got tuberculised. 
India with its numerous unpcnctraicd areas and highly centralised 
urban areas combines the conditions obtained among the primi- 
tive races and those among the western nations who were in 
long contact with tuberculosis. 

Whether tuberculosis makes any racial discrimination is 
very doubtful. The comparative figures for the Negroes and 
Whites in America indicate that, whereas practically there is an 
equality of incidence of clinical tuberculosis between these racial 
groups, the mortality is higher among the Negroes. But it 
should be noted that the economic and social conditions among 
the Whites are decidedly better than among the Negroes and 
data drawn on the basis of dissimilar conditions will lead but 
to erroneous inference. That the living tissues of one race arc 
inherently more susceptible to Afyco, tuberculosis than those of 
another is now little more than speculation. Till comparative 
studies of the distribution and mortality of tuberculosis between 
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jocal tissues. The fixed conneetive tissue cells sunoundbg te 

ceils (epilhelial-ltlfe) inib large vesicular unciei. Several iavns 
of these cells are thus formed. They form the esseatis! featare 
of the histology of the tuhercie. The stimulus for their fonaa. 
lion IS probably partly chemical due to certain of the chemical 
components of the disintegrating bacilli (p. 55l) and partly meeba- 
steal due to the presence of the organism. Giant ceils (Laaghaa’s 
type) soon maic their appearance in the developing tubercle. 
■Key are large multinucleatc masses of profoplam ivilh a dis- 
tinctivc appearance. Their precise origin is by no means esta- 
blished. Many hold that they result from the fusion of sewal 
jnacrophages (cp/thelioid cells), fonning large plasmodial masses 
containing a large number of nuclei, as though in an effort to pat 
up a more effective conjoint resistance. Others regard tbcci as 
originating from single cells. They may not be fonned until 
necrosis begins in the tubercle. They may often contain tubercle 
bacilli. Though they are typically formed in tuberculosis, they 
are by no means peculiar to this disease. They are not seen in 
the more acute type of the disease where resistance is poor sod 
in very mild infection which docs not proceed to necrosis. SinroV 
tancously with the above changes, there is also a leucocytic iofiltta- 
tion taking place in the periphery of the tubercle first with neutro- 
phil leucocytes and soon after with the lymphocytic type. 

As the process continues, degeneration of the tubercle soon 
sets in. It commences svith necrosis of the central portion 
followed by caseation and softening of the cascated mass. These 
changes, necrosis and caseation, are believed to be caused hy 
the toxic baciUary products (endotoxin), the degenerative process 
being aided also by Use avascuhiity of the tubercle from throiB- 
hosis of the blood vessels. Caseation may not occur always; 
■where resistance is high or virulence of the organism low it is 
absent. Caseation js associated with a very rapid multipficalion 
the baciUi, accounting for the presence of large numbers of 
them in the freshly liquefied material. The tubercles may also 
cpelesce and form large masses. Another event that may occur 
is the erosion of a Wood vessel, causing massive infcctioo of ^e 
blood stream ; >t leads W rapid gencraliVatioc of infection, setting 
acute miliary tuhercuhsis. Instead of softening and ligue- 
fsciion, what happens sometimes is calcification or deposition 
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‘distribution of mortality among sexes is also ‘’striking. Taking 
all ages into consideration, more men die of tuberculosis than 
■women, but in the young adult age it is the opposite, more 
women dying than men. But the death rate of late adult tuber- 
culosis is considerably more among men than among women. 
Accurate statistics regarding the incidence and mortality of tuber- 
culosis are not available for this country. 

The types of acid-fast bacilli that cause tuberculosis in man 
are the human and the bovine. That the avian type may rarely 
attack man is based on very slender evidence. The distribution 
of types in different countries varies somewhat. Taking all ages 
into account, the human type is responsible for the majority of 
infections in man. The bovine type accounts approximately 
for ten per cent, of human tuberculosis m Great Britain, more 
in Scotland’ than in England. In India tuberculosis due to the 
cattle type is considerably less due to various reasons. It is given 
as two per cent. Mixed infections with both types have been 
tcpotled but are rare. Practically every organ of the body may 
be affected by tuberculosis. The main organs affected by the 
bovine type are the gastro-intestinal tract and the lymphatic glands, 
just as the lungs ate particularly selected by the human type.- 
Primary abdominal tuberculosis is mostly due to the bovine type, 
but secondary abdominal tuberculosis is usually due to the human 
variety. About 25 per cent, of meningeal and cerebral tuber- 
culosis arc in Great Britain due to (he bovine type; the pro- 
portion is greater in children than in adults. The great majority 
of bone and joint tuberculosis and gcnito-urinary tuberculosis 
is due to the human type. About 98 per cent, of pulmonary 
tuberculosis are due to the human type and the remaining due 
to the bovine type. But recent investigations tend to show that, 
in Scotland at any rate, a greater proportion of pulmonary infe- 
ction is bovine in origin. Lupus is almost equally represented 
by these two types, but in cither the organism is of low virulence. 

The human type of infection, especially the respiratory form 
of the disease, is transmitted through infected dust (Cornet), 
droplets and sprays (Flugge). The source of infection in the dust 
is the dried sputum, motion or urine containing the organism. 
Infected milk and milk products are the main vehicles for the 
bovine variety. Meat is seldom infected by the tubercle bacillus. 
Besides, it is never taken uncooked. 
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different races living under identical conditions and eroosed io 
tee same nsk of infection are made, no conclusion can be drawu 
At the present time twbcrcuJosis is so widely dissemiaated 
Ifiat Its actual incidence is very difficult to detcnoinc. In some 
countries, however, the prevalence of the infection has been 
defined by employing the tuberculin test aided by X-ray examina- 
tion and post-mortem results. Thus, it has been demonstrated 
that ia the /arge cities of £uropc and America 90 per cent, or 
more of children at the age of fifteen and 97 per cent, of adults 
are infected. The infection is much Jess in rural areas. Quite 
obviously, all of them do not suffer from the disease. Ooly ia 
a small proportion of them the infection is active and even siucag 
these only a small proportion suffer from clinical tuberculosis. 
Neither the proportion of active disease nor the mortaliQ' rate 
has been accurately estimated in the recent times. 

In the Western European countries and the United States of 
America there has been a steady and relatively rapid decrease 
of tuberculosis from the middle of the last century with a corres- 


ponding fall in the mortality rate. No one focior is solely res; 
poiisibic for it ; it is the outcome of a combination of causes. 
The phenomenal rise in the prosperity of these countries during 
this period is the greatest single contributing factor; others, 
such as the rapid strides made in the practice of preventive medi- 
cine and the great advances made in the early detection, isola- 
tion and treatment of cases, have also helped to accelerate this 
downward trend. Perhaps, the development of endemic inunu- 


■nity, I'.e. the general resistance of the population to the disease 
as the result of long contact, has also a part in it. 

In the United States, for example, the death rate from all 
forms of tuberculosis fell from ISO-5 per 100,000 in 1900 to 43-0 
in 1942. This decline displays certaio peculiarities. The mortality 
rate is highest in the age group of o»e to two years, falls rapidly 
from this to rise again to a peak in *arly adult life, twenty to 
twenty-four years of age, and declines agaio with a smal) secondary 
peak between forty-five and fifty-five years of age; this last is 
icfetred to as the late adult tutwirculosis. The recent decline in 
the mortaHty rate is most evident in the lowest age group and 
there is no doubt that it is due to the greater care paid on the 
infant's health. The highest mortality rate has thus shifted fwn 
the lowest age group 
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these situations to the lungs takes place finally through the bron- 
chial glands or via the blood stream. According to this view, there- 
fore, infection of the lymphatic system is the primary event and 
the invasion of the lungs is secondary from the cascating glands. 
While there is no doubt' that the path of infection for the bovine 
type is the alimentary tract, it is extremely doubtful whether the 
human type invades the respiratory system through this route. 
But the alimentary mucosa cannot be completely exonerated in 
all infections with the human strains and the latter may enter 
the body through this route and cause a proportion of the various 
non-respiratory forms of tuberculosis. 

Another much debated question about the respiratory type 
of infection is the relationship between the childhood infection 
and clinical tuberculosis in the adult- One school holds that 
pulmonary tuberculosis in the adult is due to a recrudescence of 
latent childhood infection, while the other regards that adult 
tuberculosis is the result of a fresh exogenous infection rather 
than of a flaring up of an old cWldhood focus. The evidence, 
however, is in favour of the latter vie'w. Reinfection need not 
necessarily be followed by immediate clinical evidence; even 
several years may elapse before the disease develops after re- 
infection. 

The incidence of tuberculosis in a community and the rate 
of mortality from it are profoundly influenced by the social and 
economic factors. The spread of infection also greatly depends 
upon certain cnwronmental conditions such as close contact, 
overcrowding, badly ventilated dwellings, occupational exposure 
to dust, particularly silica dust, and the like. Other conditions 
in the host, aside from poverty that depresses the general vitality 
and favours infection, arc certain constitutional diseases like 
diabetes and chronic nephritis, some infectious diseases like 
measles, whooping cough and inllucnta, and repeated child birth. 
It has been mentioned above that in the large cities of Eurorc 
well over 90 per cent. Of the populations show evidence of having 
been infected with tuberculosis. In the vast majority of them 
the condition is cither healed or latent, enabling them to lead 
a normal life. This high degree of resistance has been the result 
of better economic conditions. Poverty with its attendant evils 
is undoubtedly the greatest ungle factor in undermining resistance 
, The decline of tuberculosis and its mortality seen in the Western 
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F respiratory tract in the case 

of the human type of tubercle bacnias. Less conmioaly the 
alimentary tract, the genjto-urinary tract and the skin form other 
routes of infection. Direct entry through the . conjunctiva is 
very rare. Hereditary transmission docs not occur; if infected 
by the tubercle bacillus the ova or spermatozoa are sure to he 
destroyed. Transplacental infection of the foetus, though a 
possibility, is exceedingly rare. Heredity may, however, play a 
part by franslerring a diathesis to the offspring in the shape of 
lowered resistance and greater susceptibility to the inketm. 
The bovine type enters the body almost exclusively through the 
alimentary tract. When tubercle bacilli are ingested, cither ia 
infected food or in infected droplets or dust, they gain entry into 
the faucial, pharyngeal and lingual lymphoid tohicles and icncc 
start by invading the upper cervical and retropharyngeal glands. 
Tonsillar tuberculosis is not uncommon but seldom clinically 
apparent. The mucous membrane of the stomach seldom permits 
penetration of the erganism. lower down, the lymphoid tissue cl 
the intestines, e.g. the Peyer’s patches, is first invaded, formml 
the primary focus from which further spread occurs. 

in pulmonary tuberculosis two alternate routes of infection 
are possifafer the respiratory route and the alimentary route, 
the cRajority of opinion now favours the respiratory route, infec* 
tion taking place by the direct inhalation of infected dust, drop* 
lets or sprays of saliva or mucus. Part of the Infection in the 
inspired aif may be arrested in the nose and pharynx, wherefrom 
bacilli may penetrate through the mucous membrane into the 
local lymphoid tissue, estabfisfting in if a primary focus of infe- 
ction. The rest, consistingofibefinerparticlcs, reaches the lungs 
directly. This view is based on a number of factors; the type of 
\hc iwfectiag bacillus, the anatomical distribution of the lesion 
in pulmonary tuberculosis and the results of animal experimenis. 
According to the other view, infccpon occurs primarily through 
the mucous membrane of the alimentary tract. The infected 
matcrial'-dust, droplets or sprays— is ingested with food and 
the bacillus gets into the lymphatic system through the buccal, 
pharyngeal or intestinal mucosa, as mentioned above. In its 
course the orgamstn may or may not cause detectable lesion at 
the site of entry. The tonsils^ the cervical glands or the mesen- 
teric glands may be primarily infected. Further spread from 
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Certain observations lend support to the view that some 
degree of active immunity is developed in tuberculosis. In ende* 
mic areas tuberculosis in children usually runs a more acute course 
than in adults. In the non-infected infants under two years of age 
tuberculin reaction is usually negative, whereas in older children 
and adults it is positive in vinuc of latent infection. When tuber- 
culosis is newly introduced into a community, the type of disease 
occurring in the adult is the same acute form as in children, show- 
ing that the former have had no opportunity to develop any 
immunity as in the case of the adult population of endemic areas, 
. Koch’s experime/its on guinea-pigs form the basis of our 
knowledge regarding the mechanism of immunity in tuberculosis. 
He demonstrated that a tuberculous guinea-pig reacted io a fresh 
infection quite differently from a healthy guinea-pig-'^he sub- 
cutaneous injection of a normal guinea-pig with a small subtethal 
dose of tubercle bacilli produces a slight local lesion which heals 
in a few days. Ten to fourteen days later, a hard nodule deve- 
lops at the site, which breaks down and continues as a discharging 
sore till the animal dies of progressive tuberculosis. The regional 
lymphatic glands show enlargement and caseation. But if a 
similar injection is given to a tuberculous animal, one that has 
been given a primary injection four to six weeks previously, 
V instead of the late nodule formation a dark ecchymotic area is 
I developed on the same day or the next, which sl^ghs out with 
explosive reaction and the shallow ulcer left heals promptly. 
The focal glands are not affected. This reaction is known as 
Koch's phenomenon. Animals may also be sensitised by the 
inoculation of attenuated or dead bacilli. The reaction can be 
elicited even when dead bacilli arc used for the second injection. 
The markedly explosive reaction shows the hypersensitivity of 
the tissues to reinfection, white the quick healing and apparent 
localisation indicate the resistance. Localisation of infection, it 
may be rememberd, has been accepted as an expression of resi- 
stance. Koch’s phenomenon, therefore, seems to support the 
theory that allergy is an expression of partial immunity. But 
this view is not accepted all. The opponents maintain that 
allergy is a separate entity and that it has the reverse effect of 
immunity, affecting the allergic indmdual adversely (p. 316). 

Vaccines rpadc from dead cultures have no immunising value. 
Active immunisation with living attenuated organisms, like the 


A TEXTBOOK OF BACTERIOLOGY 


cHKts of better economic and social conditions. How a iis. 
torbance of these factors can adversely affect the incidence of 
tuberculosis, ,s apparent from the tabercoiosk statistics of Ik 
two world wars. In the first one the incidence of tuberculosis 
rncreased particuiariy in the European countries directly affected 
by war and the same tendency was again seen in several coratries 
during the recent world war. 


Community life affords ample opportuaUics for dose cos- 
tact which favours easy transmission of the infection. The rate 
of new infection in tuberculous families is undoubtedly W|bif 
than that in the general population. Such faroiliw with opco 
cases constitute small endemic centres. They serve to transmit 
the infection through generations. This appears to be by far the 
commonest method of spread of tuberculosis in a ccmmuoily 
and it emphasises the importscce of close contact. ^Vbrtber 
this is only familial or is also influenced by genetic factors, it 
difSault to establish. So far as evidence goes, tuberculosis is not 
hereditarily transmitted and prenatal infection is a rarity. 

Immunity, The nature of immunity in lubcrculo.ds is not 
fully understood. There is no doubt that the tissues develop 
antibodies. The presence of agglutinins, prccipitins, opsonim 
and complenjent-fljsing antibodies have all been dcmonstTaled 
in the blood of patients. They are present only in low titrcs. 
Inoculation with dead bacilli, and even tuberculin, generates 
such specific antibodies in the Wood of experimental animals; 
but such antisera arc devoid of any preventive or curative pro* 
perties. What part they plav in the mechanism of resistance to 
tuberculosis, is still obscure. Apparently they have none; no 
relationship between these antibodies present in the blood and 
the individual's resistance to tuberculosis has been as yet esta- 
bhshed. Nevertheless, it is fairly clear that a certain amount of 
active immunity. rcsembUng that observed in syphihs, is un* . 
doubted/y developed in tuberevhsis. A peculiar feature of this •• 
immunity is that it lasts only so tong as there is a focus of infe- 
ction in the body. The focus may bo latent or aciivc, but In any 
case the infected individual is immune to reinfection. This »s 
an instance of fa/eerfon immunity. The resistance to rewfectioa 
is tnanifested in the form of a hypcrscnsiiiviiy of the tissues. 
These are in an allergic state. 



MYCOBACTERIUM 


563 


intracutaneous method it is injected intradermally; Calmette’s 
ophthalmic reaction is done by dropping the tuberculin into the 
conjunctiva and Koch’s old method is by injecting it subcuta- 
neously. 

Both the Von Pirquet’s dermal test and the intracutaneous 
test of Mantoux are in common use The latter is more delicate. 
The dose employed in these are too minute to affect tuberculous* 
lesions. Calmette’s ophthalmic test, on the other hand, causes 
serious reactions; so also Koch’s original subcutaneous method. 
Therefore, these methods have been largely discarded. In the 
Von Pitquel’s meihod, a drop of undiluted old tuberculin is placed 
on the cleaned skin of the forearm and at a distance one drop of 
50 per cent, glycerine as a control. With a lancet a superficial 
scratch is made on the skin through each drop without causing 
bleeding, through the glycerine first and then through the tuber- 
culin. In positive cases a bright red papule, at least 5 mm^ in 
diameter, appears at the site within 24^S hours, whereas the 
control area shows no change or only the traumatic effect. Later, 
the papule becomes dark red and disappears m a week. On 
pismented skin the bright colour may not be very apparent. 

The Mantoux test, also called the graded intradermal test, 
is usually done with one dilution;' a dose of 0- 1 c c. of a 1 : 1,000 
dilution of old tuberculin is injected intradermally into the cleaned 
skin of the forearm. Even with this dilution troublesome reaction 
may be produced in those who are acutely sensitive to tuberculin. 
Hence some workers advocate an initial dilution of 1 : 10,000. 
The graded method is to test with several dilutions, 0-1 c.c. of 
1*. 10,000, I ; 1,000, 1: 100 and 1:10 dilutions, one after the 
other at suitable intervals if the previous one was negative. A 
positive reaction is given by the appearance of an erythematous 
swelling, at least 5 mm. in diameter, at the site of inoculation 
within 48-96 hours. Non-specific reactions may appear but 
usually fade off within 48 hours. 

Tuberculin reaction depends upon previous sensitisation 
with the bacillus. A healthy infant, which has never come in 
contact with the infection, can tolerate even a dose of I c.c. of 
neat old tuberculin. But in a tuberculous subject a dose of 
O'OI c.c. produces severe reactions. Such reactions are local, 
focal and general an^ cause serious set back to the disease. The 
precise mechanism of these reactions is not fully understood. 



562 


A TEXTBOOK OF BACTERIOLOGY 


nf; of'sRoSador 

Tutemlin. The disintejrated prwopbj© ot tie beam 
togdher mth the products formed tfuring growth in the coltutt 
TOcdium constitutes tubcreulio. Kath ms the Srst to prepare 
luherculra. He grew the tubercle bedlli for six to eigbt wds 
w 5 per cent, glycerol broth, sterilised and evaporated the culture 
on water bath at 100* C to one'tentb of its volume and^had the 
contents Altered to remove the miysed remains of the bacUkry 
bodies. This clear, brown, syrupy filtrate he ealled lubereulin. 
It is now known as orishal or old tuberculin (0.7). This ettract 
contains the endotoxin. One gram of tubcrcufio is contained 
in j c.a of the extract. It is a stable product and, ia the uC' 
diluted state, will withstand autoclaving for half an hour. When 
diluted it loses its potency in eight to ten days. It is standardised 
on the basis of its action on sensitised guinea-pigs. Subsequent to 
Koch’s work, several methods have been employed in Us pups’ 
ration. These preparations produce similar, but less potent, effects 
to those caused by Koch's oid tuberculin, tittle or no difference 
has been detected in the tubctcuUas prepared from the human 
and bovine types, but tuberculin prepared from the avian type 
differs from the former. Koch’s new tuberculin is made by grin- 
ding up the bacilli, obtained from the growth on solid media, in 
50 per cent aqueous glycerol uatU a umfonn emuhion h obtained. 

It corresponds to a bacterial vaccine. 

Tuberculin prepared from the growth on synthetic media 
has the advantage that it is free from extraneous protein consti- 
tuents which are mostly responsible for noa-spedBc reactions. 
The specific protein, or tuberculo-protejn, is to.tie and the skin 
reaction seeing to depend mainly on it. ft js now prepared in 
a purified form hy tractionatiau the bacUlus grown on synihe- 
tit media rpurified Protein Xlenvativcs—P.P.D). Comparative 
studies of O.T aud P P.D would seem to show that the latter is 
quite as satisfactory as the former. The dose of P.P.D is 
0^00005^-005 mg. 

The tuberculin test may be performed in several ways. Till 
recently Koch’s old tuberculin was the one used in all these It 
is rubbed on the scarified skin in Von Pirquet’s cutaneous method; 
Kforo’s percutaneous method is to incorporate O.T in an oint> 
went which is then rubbed on the intact clean sk/n ; m Wantonx’s 



mycobacterium 


563 


intracutaneous method it is injected intradermally; Calmette’s 
ophthalmic reaction is done by dropping the tuberculin into the 
conjunctiva and Koch’s old method is by injecting it subcuta* 
neously. 

Both Uie Von Pirquei’s dermal test and the intracutaneous 
test of Mantoux are in common use. The latter is more delicate. 
The dose employed in these are too minute to afTect tuberculous* 
lesions. Calmette’s ophthalmic test, on the other hand, causes 
serious reactions; so also Koch’s original subcutaneous method. 
Therefore, these methods have been largely discarded. In the 
Von Pirquei's method, a drop of undiluted old tuberculin is placed 
on the cleaned skin of the forearm and at a distance one drop of 
50 per cent, glycerine as a control. With a lancet a superficial 
scratch is made on the skm through each drop without causing 
bleeding, through the glycerine first and then through the tuber- 
culin. In positive cases a bright ted papule, at least 5 mtn. in 
diameter, appears at the site within 24-48 hours, whereas the 
control area shows no change or only the traumatic effect. Later, 
the papule becomes dark red and disappears m a week. On 
pigmented skin the bright colour may not be very apparent. 

The Mantoux lest, also called the graded intradermal test, 
is usually done with one dilution;' a dose of 0- 1 c.c. of a 1 : 1,000 
dilution of old tubcrcuUn is injected mtradermally into the cleaned 
skin of the forearm. Even with this dilution troublesome reaction 
may be produced in those who ate acutely sensitive to tuberculin. 
Hence some workers advocate an imtial dilution of 1:10,000. 
The graded method is to test with several dilutions, 0*1 c.c. of 
1:10,000, 1:1,000, 1:100 and 1:10 dilutions, one after the 
other at suitobic intervals if the previous one was negative. A 
positive reaction is given by the appearance of an erythematous 
swelling, at least 5 mm. in diameter, at the site of inoculation 
within 48-96 hours. Non-specific reactions may appear but 
usually fade off within 4S hours. 

Tuberculin reaction depends upon previous sensitisation 
with the bacillus. A healthy infant, which has never come in 
contact with the infection, can tolerate even a dose of I c.c. of 
neat old tubcrcuUn. But in a tuberculous subject a dose of 
O-OI c.c. produces severe reacUons. Such reactions are local, 
focal and general and cause serious set hack to the disease. Tlic 
precise mechanism of these reactions is not fully understood. 
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I « >n nature and « prnbably an e.rp««;na nf m™. 

n0. Some s^tance. ,n all likelihood the tubereuto-proto. 
derived from the Inberde baciltos during the primary infection 
produces hypersensitiveness of the tissues of the host Tie 
tuberculrn injected interacts with the sensitised tissue cells and 
,pves nse to the reaction. Whether any special kind of toxin 
is formed as the result of this interaction bettt'cen the tuberculin 
•and the sensitive celis^ is not known. 


Tuberculin has been used for dia^ostic and Taie)y for tbtra* 
peutic purposes. In tuberculosis survey it is of great value, it il 
extensively used in the detection of tubercuios/s in cattle. The best 
way of doing the tuberculin test in cattle is by the double intra- 
dermal method. Ca/mette’s ophthalmic method is also employed. 

A positive cutaneous reaction indicates the presence of a 
focus in the body. It may be very minute or even entirely healed. 

' Hence, a positive reaction does not help to diabase active frea 
' quiescent foci. A large majority of people above two years of age 
harbour latent infection, reacting positively. Therefore, except 
in infants under two years of age, the test has only ^ limited 
practical value in the diagnosis of clinical tuberculosis. In 
advanced cases, where the patient’s tissues are unable to react, 
a positive reaction does not develop. During the course of, aafi 
convalescence from, certain acute infectious diseases, such as 
measles and diphtheria, tuberculin sensitisation tends to dis- 


appear. Extreme malnutrition, pregnancy and parturition also 
tend to reduce the tuberculin sensitiveness. In the very early 
stage of tuberculosis this allergic sensitiveness may be absent in 
some cases. Except in the above coadithns, s negative reaction, 
especially with low dilutions by the Mantoux’s technique, may 
be taken as sufficient evidence of noa-tubcrculisation. 

Diagnosis. The microscopic c.xamination for the tubercle 
bacillus is relatively simple. Large number of bacilli are usually 
found in acute spreading lesions, whereas they are scanty in 
chronic cases. The detection of acid-fast organisms in a suitably 
stained smear of the palhologicaf material is generally sufficient 
for a positive diagnosis. The aehl-Neelsen is a satisfactory 
method. The search for the organism should be long enough 
and repeated before a verdict is given. It should be remembered 
rhat add-fast saprophytes, which arc widelj*distributcd in nature, 
may be present as contaminants. Karcjy other acid-fast orga- 
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nisnis, like the leprosy bacillus and certain species oT Aclinomyces, 
are likely to cause confusion. The likely presence of the smegma 
bacillus in materials from the genito-urinary tract should be borne 
in mind. One negative result of microscopic examination by 
no means excludes tuberculosis m a suspected case and further 
investigations are necessary. Less than 10&,000 bacilli per ml. 
of the material does not offer reasonable chance of detection by 
ordinary microscopy. Recently, claims have been put forward 
that fluorescent microscopy yields a higher percentage of success 
and is more rapid than the Ziehl-Neclsen technique ; it is not yet 
adapted for routine use (p. 53). 

The bacilli are not always uniformly distributed in the patho- 
logical product and, for this reason, the selection of a suitable 
portion from the specimen is important. This applies particularly 
to sputum. The purulent nummular portion must be selected 
for making smears. Prolonged examination may be necessary. 
If direct smears prove negative, any of the concentration methods, 
for example the aniiformin method, should be employed before 
•making smears. Specimen of urine, pleural or peritoneal fluid 
should be centrifuged and films made from the deposit. Prefe- 
rably a twenty-four-hour specimen of urine should be examined. 
The tubercle bacillus is more resistant to the action of alcohol 
than the smegma bacillus, but the statement that the tubercle 
bacillus is alcohol fast whereas the smegma bacillus is not, is 
inaccurate, and the properly of alcohol-fastness docs net constitute 
a valid criterion for the diflctcntiation of them (Bergey) If cere- 
brospinal fluid IS allowed to stand for some lime, a fine fibrinous 
coagulum is often formed ; this should be removed, spread on a 
slide and examined after stmning. Otherwise, the fluid should 
be treated like urine. The dcmonslraiion of the bacilli in pus is 
not so difficult as is sometimes said; prolonged examination often 
proves successful. The faeces should be treated with antiformin. 
It may be positive in both respiratory and non-respiratory tuber- 
culosis. In the respiratory tuberculosis of children examination 
of throat swabs or stomach contents is frequently resorted to. 
The same may be done in adults with little or no sputum. The 
dclcctioa of tubercle bacilli in blood is extremely difiicuU. Sections 
from infected tissues are stained by the Zichl-Ncelscn method 
and examined (p, 72). Infected milk is examined by the direct 
method {p. 184), cultivation or by animal inoculation. 
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several methods of conceatrating (hs badlli fm 
matcriais when they are scanty or difficult to detect due to their 
uneven distribution. The amiformin method is saiisfacioty. 
It aiso helps to kiif the extraneous organisms and is pariicolarir 
valuable in the isolation of tubercle bacilli from comaratoted 
materials by culture or animal inoculation. Anlifoimia is s 
mixture of equal parts of liquor sodac cblorinatae(S.l'.) sail! 
per cent, sodium hydroxide. The cells and associated organisms 
arc dissolved, while the vitality of the tubercle badlli is Wt 
intact. 

The contaminated material is mixed with three or four limes 
its buih of 15 per cent, aqueous antlformin, if necessary in apestic 
and mortar, and digested in the incubator at 37' C. for fifteen to 
thirty minutes till it is thoroughly dissolved. If the material is 
very thick and tenacious, the proportion ofthediiuledanlirormia 
has to be increased to ensure complete solution. The mixture is 
then centrifuged and the supernatant fluid is decanied. The 
sediment is then washed once or twice with sterile svaler and 
recenttifuged every time. Smears are made from the deposit and 
examined by the Ziehi-Necisen method. For cultural or amjnal 
inocuiation purposes the whole procedure should be done under 
aseptic conditioas. 

On account of the difficulties of cultivation, cultural prove* 
dure has not been followed as a routine measure for diagnosis. 
But now more attention is being paid to the cultural method of 
diagnosis. The suspected material, if oncohtaminaled, is diitcSs 
inoculated on egg medium. If other organisms are present, the 
material is first treated by the antlformin method before seeding. 
Treatment with 4 per cent, sodium hydroxide (Pelrofi) or 6 per 
cent, suipbutic acid fCorper) for fifteen lo thirty minutes or with 
5 pet cent, oxalic acid for thirty to sixty minutes also serves io 
destroy the contaminating organisms. The material is mixed with 
three or four times its volume of any of these and left in the incu- 
bator at 37” C. for the appropnaie lime: it is then ceninfugcd 
and the sediment is rendered neutral to litmus before inocuiation. 
Orowth of the tubercle bacillus sufficient to be seen by the naked 
eye may be expected at tie end of a week; often it lakes much 
Imes! Cultural methods are often succcssfu! where direct 
Lmffiation has failed. Tie presence of lO-JOO bacilli per ml. 
ft said to give a successful culture. But there is no surety jn any 
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case that the acid*fast organinrv seen or grown is the vinilent 
variety. 

Animal Inoculation. Tliis diagnostic procedure takes a 
longer time than the cultural method, but it is the most delicate 
lest. The gutnea-pig is the animal of choice. This method 
also provides the best means of obtaining a pure culture of the 
organism. The suspected material is inoculated into the guinea- 
pig directly if it is uncontamlnaied. Otherwise, it is well to treat 
it before injection by any one of the methods mentioned above, 
in order to destroy the secondary organisms that may also be 
virulent to the animal and cause its death before tuberculosis has 
time to develop. Inoculations are made subcutaneously or 
intramuscularly into the thigh of the animal. The intramuscular 
route is preferable as the abscess which forms subsequently docs 
not ulcerate through the skin ^ving rise to a discharging sore. 
Where possible, two animats should be inoculated. Following 
the local lesion, the inguinal glands are involved and then the 
iliac glands and thus the infection ascends and spreads through 
the lymphatic channels to other parts of the body. Finally, 
ihe animal dies in six to fifteen weeks. But it is advisable to 
kill one of the animals aftei three or four weeks. The survival 
period of the animal may, however, be very much longer and if 
this is not borne in mind a correct diagnosis may be missed in 
such cases by the premature killing of the animal. From the 
animal, material for culture is taken with aseptic precautions from 
a caseating lesion. Several tubes should be inoculated. It is a 
common experience that even when the number of organisms 
present in the material on microscopy is fair the number of colo- 
nies developed is few. Cultures on ordinary media arc also put up 
simultaneously to exclude Salmonelh, Srucella, Pasleurella and 
pyogenic infections which simulate tuberculosis. A direct examina- 
tion of smears made from caseating material usually shows the 
badlH and establishes the diagnosis. In doubtful cases portions of 
glands and spleen should be ground up and inoculated into a 
fresh animal. The examination of stained sections of glands and 
spleen also may help. The tuberculin lest has been advocated 
for the detection of infection in the inoculated animal ; but post- 
mortem examination remains the conclusive proof. 

Allergic Test. The Von Piniuet and the Manioux tests arc 
the ones widely emolovcd. The latter is more sensitive than the 



Thwe are several methods of conceatrating the bacilli ftom 
materials when they are scanty or difficult to detect due to their 
uneven distribution The antiformin method is satisfactoiy. 
It also helps to kill the extraneous organisms and is parUcnlatly 
valuable in the isolation of tubeniic baciili from conlamiialed 
materials by culture or animal inoculation, Antifoimin is s 
mixture of equal parts of liquor sodae chlorinatae (fl.F.) and 15 
per cent, sodium hydroxide. The cells and associated organisms 
are dissolved, while the vitality of the tubercle bacilli is left 
intact. 


The contaminated material is mixed with three or four tijccs 
its bulk of 15 per cent, aqueous antiformin, if necessary in a pesll® 
and mortar, and digested in the incubator at 37* C. for fifteen to 
thirty minutes till it is thoroughly dissolved. It the material is 
very thick and tenacious, the proportion of the diluted antiformin 
has to be increased to ensure complete solution. The mixture is 
then centrifuged and the supernatant fiuid is decanted. The 
sediment is then washed once or twice with sterile water sed 


fcccntrifugcd every time. Smears arc made from the deposit and 
examined by the Zichl-Neelscn method. For cultural or aainjal 
inoculation purposes the whole procedure should be done under 
aseptic conditions. 

On account of the difficulties of cultivation, cultural proce* 
dure has not been follow'ed as a routine measure for diagnosis. 
But now more attention is being paid to the cultural method of 
diagnosis. The suspected zosteml if uocchtaTamted, is directly 
inoculated on egg medium. If other organisms are present, the 
material is first treated by the antiformin method before seeding. 
Treatment with 4 per cent, sodium hydroxide (Petraff) or 6 per 
cent, sulphuric acid (Corper) for Sfteeti to thirty mmutes or with 
5 per cent, oxalic acid for thirty to sixty minutes also serves to 
destroy the contaminating organisms. The material is mixed with 
three or four times its vx»/ume of aoyof these and left in the iscu- 
bator at 37” C. for the appropnate time; it is then centrifuged 
and the sediment is rendered neutral to litmus before inoculation. 
Growth of the tubercle baciffus sufficient to he seen by the naked 
eye may be expected at the end of a wck; often it takes much . 
longer Cultural methods are often successful where direct 
„.lin..ln n has faiisd- The presmiie of 10-100 haciUi per mi. 
Tsaid 10 give a suaxssfal coltim. Bat there is no surety jo any 
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guinea-pigs and monkeys and employing large doses both by the 
ingestion as well as the inoculation methods, have established its 
permanent avirulence. Though avinilcnt, it has not lost its 
antigenic power. The question of reversion in the tissues into 
virulent forms has not been proved so far. Calmette advocates 
immunisation of babies of tuberculous parents by the oral route 
(3 doses of 10 mg. each on altemate days) during the first ten 
days of life when the alimentary mucosa is easily permeable to 
the passage of the organism. Vaccination immediately after 
birth has the advantage that it forestalls natural infection. 
During the period of vaccination they must be removed to a 
place free from all sources of spontaneous infection. Such 
vaccinated populations have been reported as showing lower 
incidence and monaUty rates. How fat this lowcnflg is traceable 
to active artificial immunity, requires further elucidation. In 
interpreting any experimental data on the subject, the possibility 
of a natural decline of tuberculosis, as occurring in the western 
countries, should be kept in view. Later evidence seems to show 
that vaccination by the intradermal or subcutaneous method is 
more effective than by the oral route. The former is preferable 
to the latter as the complicalions that may be produced are 
fewer and less serious. 

SpahUnger’s vaccine is another preparation credited with 
immunising vinue. Tubercle bacilli arc grown in a medium 
consisting of tissue fluids derived from sources which form the 
natural habitat of the baralU. They are then allowed to die out 
naturally in the medium by keeping the culture for a year or more. 
This constitutes the vaccine. Limited trials with this vaccine 
appear to have given encouraging results. 

Some attempt has been made in the past to immunise with 
other types of acid-fast organisms. One such is the recent 
trial with the vole bacillus; il is still in the experimental stage. 

The curative value of tuberculin is very limited. Very rarely 
»t is used in the treatment of torpid cases with a view to activate 
the lesion. Extremely minute doses are employed to start with. 
The initial dose recommended is 0*1 c.c. of a 1 : 100,000 old 
tuberculin. This may be increased ewry two days by 0*1 c.c. 
After several months the parient is able to withstand a dose of 
0*5 c.c. of the undiluted tuberculin and the course is finished by 
repealing the aosc three or four times. It is very important to 


A TEXTBOOK’ OF BACTERIOLOGY 


of conducltjig these tests and the raise «f 

Sr ^ P''«« 


pe Comptoedt-Fhaiion Test. This is m of moch pra- 
cticil value. Extracts made from the tuberele baeiBi-rossiitsie 
the antJgen and the general teAnlque for doing the test is the 
same as that for the Wassermann reaction. Chronic and active 
ca^es of piifaionary tuberculosis generally give positive reaction, 
out /xi these cases easier methods of diagnosis are available. Is 
^rly and in rapidly progressive cases the test is negative and it is 
in Such cases that no reliable methods ot diagnosis are available. 

Prophylaxis, TTic prevention of tuberculosis, especially in 
this country, is a problem of immense magnitude and importsBce 
and but the barest outline of it can be given here. It can be dealt 
with under general and specific measures. Improvement of the 
economic and social conditions of the vast populace that Uve in 
perpetual seraistarvation and extreme insanitation is the most 
irr^ent step. While if is a vast and complicated problem, it Is 
the only effective tvay to strike at the root of the evil. Other 
measures to combat the spread of tuberculosis are: education 
of the masses about the infectious nature of the disease and how 
it can be avoided, improvement of general sanitation and enfoict* 
ment of general hy^'cnic laws, cstabiishmeni of a safe milh supply, 
early detection, segregation and care of the tuberculous individual, 
Tegular examination of the contacts, and protection of (be chil- 
dren of tuberculous faniilies. The question of better bousing 
with adequate ventilation and avoidance of overcrowding is 
contained in the problem of economic bettencent. 

Active immunisation with killed tubercle bacilli does not 
produce any immunising effect. Bacillary products, like tuber- 
culins, also fail to confer any appreciable protection. But ia- 
ocolation with live attenuated organisms seems to create a 
certain amount of resistance to infection both m the bovines and 
in the human beings. This is short-lived and of a low degree. 

The B.C.G (Bacme-Calmette-Gucnn) i$ a live attenuated 
vaccine introduced by Calmette and his co-worJeers. It is a 
bovine strain Tendered aWrulent by repeated sabcultuies (pO 
* " 'cr a period of 13 ycars^ on a bile- 
, extending through several years. £xtcn- 
susceptiWe animals, including cattle, . 


subcultures spread ov 
glycerine-potato medium 
sjve experiments with 
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improves growth; individual colonies ate large, raised, hemi- 
spherical, creamy white, with a paint-like surface. On Dorset’s 
egg medium the growth is creamy, confluent, slightly raised, with 
smooth regular surface. It docs not form pellicle on fluid 
medium but forms a moderate viscous to granular deposit. The 
avian strains may develop a pink colour when crown on glycerol 
egg medium ; on coagulated ox scrum also they give rise to yellow 
ot golden yellow growth. 

The optimum temperature for growth is 40® C. with a range 
of 30®-44® C. Myco. avium is antigenically distinct from the 
mammalian types. 

Myco. avium causes tuberculosis in domestic fowls and other 
birds, which are resistant to the mammahan varieties. Less 
frequently it attacks swine. Avian tuberculosis has been reported 
in other domestic animals including cattle; its occurrence in 
man is very doubtful. Experimentally it is pathogenic to birds 
and to a less extent to rabbits; guinea-pigs are resistant. 

Mycobacterinm Paratuberculosis. This organism, commonly 
called Johne’s bacillus, causes a chronic slowly progressive 
^ enteritis in cattle, usually terminating fatally. A similar disease 
I of sheep has also probably the same aetiology; the organisms 
in both are alike. Johne’s bacillus is shorter than the tubercle 
bacillus and the ordinary forms slam uniformly. It is more 
difficult to grow than the tubercle bacilli and for primary growth, 

I at least, requires the presence of other dead acid-fast bacilli or 
their extracts in the media ; a glycerol egg medium with these 
is satisfactory- In cultures it resembles the tubercle bacillus. 

The disease can be reproduced in calves, but the ordinary 
laboratory animals are refractory. The lesions in the intestinal 
j wall are proliferative in type and show no caseation. As in 
leprosy, the bacilli are present in them in large numbers, usually 
( packed inside cells. They are also present in the faeces. “Johnin 
reaction,” brought out by injecting a culture filtrate, is an allergic 
reaction analogous to the tuberculin reaction. It is used in 
diagnosis. 

Mycobacterlooi Marls. This is another mammalian tubercle 
bacillus recently discovered in the field vole, in which it causes 
a chronic infection resembling tuberculosis. In morphology it 
is more slender and often longer than the human bacilli; it is 
^ also reported to be pleomorphic. In cultural characters the 


S70 


A TEXTBOOK OP BACTERIOLOGY 


reracfflbw that the dosage and Bie spacing are enlirdygovOTdtjr 
the patients reaction. The chief governing consitoto mi 

» 1 1™'?“ Chemotherspy has cot 

made much headway m the treatment of tuberculosis. GoM 
^ under trial ; so also the antibiotic streptomyciD. 

TuDercolosis in AnimaUs AniiwaJ^ in tbeir gatursl sb;- 
found/np se/<fora suffer from luberculosis, but under conditions 
of captivity they may contract the infection. Pomcstic atiiniah 
are often subject to spontaneous infection. Of these, the most 
frequent arc cattle, pigs and fowls. Infection in pigs is commoaij 
due to the bovine and avian strains acquired from infected catfJe 
and pouitry; they arc also susceptible to the human type. 
Tuberculosis in fowls is invariably due to the avian type. Vfrth 
the exception of parrots and certain birds of prey, birds arc very 
resistant to the mammalian types of tubercle bacilli. 

Tuberculosis in cattle is almost exclusively doe to tbebcvuie 
variety of A/yco. tuberculosis^ Infection with the bird type msf 
occur rarely. Cattle can with difBcuIty be infected expcrunealalij 
with the human type, but infectiOQ so induced never leads to a 
progressive type of disease. They get the natural infection fro® 
other infected cattle or infected man. The incidence of bovine 
tubercuiosis varies widely in different countries. In this motsy 
it ia low: it is high, 40 per cent, or more, in Great Biitaia. fe 
the latter country about 0*5 per cent, of all milch cows ttcrctc 
tubercle bacilli m thtir milk. 'Hie disease is more frequtat 
among the older animals and usually takes a chronic* 
progressive course. The main bnmt of attack falls on the 
lymphatic system. The most ffcqoenriy affected organs ate the 
lungs, pleura and the thoracic lymph glands. Tuberculosis of 
the udder is not infrequent, but it is important to fcmetn&er that 
bacilli may be excreted in the milk evert tn the absence of any 
detectable lestons of the aiammary glands. 

Mycobacter/wfl* A^iam^ This organism was isolated from, 
tuberculous les/ons in fowls. Jn several respects it rcswblcs 
the wammYmn type. Branched fonns are more frequent in the 
avian type than in the maitwnahan The avian type grows 

more freely and laxurianily than the rnammalian types and the 
erowth tends to be moist or even slinvy. The avian bacillus can 
be made to grow on simple nutrient agar or broth without any 
addition of glycerine. The addition of glycerol, no 
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Mycobacterium Leprae. AOwbacterrum fc/jrae was dhcovered 
in the leprotic tissues by Hansen in 1874. It is an obligate para- 
site of roan.- It is not found anywhere except in* the human 
lesions and discharges. At certain stages of the disease the 
organism occurs in enormous numbers in the infected tissues, 
both inside and outside the tissue cells. The nasal secretions, 
rarely sputum, blood, urine and saliva may show the organisms. 

Morphology and Staining. Leprosy bacilli are I-8x0*3-0«5 
micron in si 2 e and straight or curved with pointed or rounded 
ends. Generally, they occur in sheaves or clumps with the 
bacilli arranged in a parallel fashion often referred to as palisade 
or bundle of cigars arrangement. In staining reactions the 
leprosy bacillus resembles the tubercle bacillus, but the former is 
less acid-fast and less alcohol-fast and stains more readily by 
the Gram’s method, retaining the violet slain. As a practical 
point, the relatively less alcohol-fastness of the leprosy bacillus 
should be remembered, particularly when staining sections, 
^prosy bacilli also take the slain more uniformly and the bead- 
ing is less frequent. When present, the granules arc coarser than 
those of the tubercle bacillus. The tissue forms are non- 
capsulated, tion-moiile and non-spoiing. Afyco, leprae too has 
a lipoid envelope like the tubercle bacillus. 

Cultlratlon. Although Myco. leprae is one of the earliest 
pathogenic bacteria to be discovered, we know nothing as yet 
about its growth requirements and other properties. Persistent 
efforts made all over the world have yielded very little concerning 
its physiology. No method suitable for its culiivaiion has been 
yet evolved and no susceptible animal discovered. Several claims 
of successful cultivation of the organism have been put forward. 
But it docs not appear certain that the organism has ever been 
really grown in artificial media. The staining properties of the 
organism arc retained for very lone periods, even for three or four 
years or more, when a piece of infected skin is incubated in any 
medium like Hartley’s broth. This property has also been 
observed if infected pus or stenle pus inoculated with the organism 
is incubated at 37® C. This may have Jed to the several reports 
of positive cultures. 

As noted above, the Icpro^ bacillus, removed from the 
lesions, retains its staining properties for a vciy long time. 
Another peculiarity that has been noticed is that ibe badlli show 
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murioe type resembles the tubercle baciUus, but it fails to pro- 

Pineal and to utilise glycerine for its growb. Bothgoiita- 

pigs and rabbits are susceptible to it, the latter more to tht 
former. Preliminaiy worj: shows that immimisation of giiioti- 
pigs and calves with sqall doses of live cultures of vole todji 
confers a certain amount of protection against the human aod 
bovine types. 

Tuberculosis in Coid*Biooded Aoimak. Ac/cf.fast or;pnfans 
with some resemblance to the mammalian types have been found 
to be ibe causative agents of certain natural tuhercvlosis-Bt 
lesions in cold-blooded animals. Such lesions have been found 
in fro^s (Myco. ranae), turtles (Myco. chelonei\ snakes 
thamnopheos), fishes (Afyeo. piscium), and others. In culturw 
the cold-blooded types resemble closely the avian type. Tieif' 
optimum temperature is 25® C. They are not palhogccic ta 
warm-blooded animals ; unfavourable temperature condiiioct 
are probably the preventive factors. Attempts to produce 
immunity with these organisms against the mamm alian 
in man and cattle have not been successful. 

Acid-Fast Saprophytic BacQIi. They are found extenshdy 
distributed in nature and their iropottatiee lies in the fact ibt 
they may cause confusion during the identification of the 
genic strains. They are found in milk, butter, manure, grats 
and other situations. They grow freely on ordinary media e\‘«a 
at room temperature. The growth on solid media is dry, wrinWed, 
luxuriant and in most cases coloured yellow, pjnk or bride 

The smegma bacjiius is a commensal acid-fast organha 
found in the smegma of both sexes and on the skin. It is shorter 
and sfoufer rhan the tubercle bacillus. U is easily decolouiised 
by alcohol. Its occurrence in the urine has to be remembered 
when searching for tie tubercle bacillus in suspected cases of 
genito-urxnary tuberculosis. 

In staining reactions, growth requirements and cultural 
characters the saprophytes show certain differences from the 
pathogenic ones. But to rely on these solely for the differentia! 
diagnosis is not always safe. Animal inoculation offers the 
surest method. While the pathogenic strains cause progressive 
lesions in the guinea-pig, the aoa-pathogenie ones at most develop 
only localised lesions even after the administration of large 
doses. 



MYCOBACTERIUM 


575 


Infection seems to taVe place mostly in the early age. Race, 
as it is, does not make any difference in its incidence. Males 
arc more often afTected than females. The source of infection 
is the sick person discharging the baaiU from the breaking down 
nodules, in the nasal secretions and probably in the saliva and 
urine. Very little is known about the exact mode of transmission. 
How long the leprosy bacillus can remain viable outside the host 
tissues, is not known. For this reason, whether the disease can 
be transmitted indirectly through the agency of infected food, 
fomites and other articles, also remains problematic. Leprosy, 
like tuberculosis, is not a hereditary disease. The spread of 
iofection is believed to be through contact. Prolonged and inti- 
mate contact is said to be necessary. As in tuberculosis, a 
familial transmission is definitely traceable in leprosy Regarding 
the actual route of entry, again, ibere is no definite knowledge. 
Probably, the nasal and the pharyngeal mucosa and the skin 
serve as portals of entry. Tlie lobule of the eat is believed to be 
a common site of entry. Apparently, there is no observable 
primary lesion, unless the ulceration of the nasal mucosa found 
in a fair percentage of cases is considered as such. 

■ The incubation period is long, varying from a few weeks to 
several years. There is some evidence to show that, before 
clinical symptoms appear, there is a general dissemination of the 
bacilli in the skin. The organism has been found in the internal 
viscera without actual lesions. Although most of the organs 
or tissues in man may be affected, the skin and the peripheral; 
nerves are the ones chiefly involved. As in tuberculosis, the 
essential lesion is a granuloma, the so-called leproma. Lepro- 
mata may vary in sizif from minute to big nodules. Histologi- 
cally, large numbers of fibroblasts, lymphocytes and large vacuo- 
lated, mononuclear cells, often crammed with acid-fast bacilli, 
arc seen. The last type of cells arc known as lepra cells. They 
ate reticulo-codothclial in origin They are pale foamy m appea- 
rance due to the presence of a high lipoid content. Giant cells 
nwy be encountered, but they arc different from the giant cells 
of tuberculosis. As against the tubercle, the leproma is pro- 
vided with blood and lymph supply. Hence caseation docs not 
occur. There is infiltration of the affected nerve bundles isilh 
granulomatous tissue followed by fibrosis and eventual pressure 
atrophy of the nerves. When Uie peripheral nerves form the 
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lb eStix of time a„ apparcaj eJoniato, diictenmgand jiater 
sraaubniy with wlaiimeta of the granules. From these it is 
suggest that the orgmisia may retaaln alive caui* 
the body for a long time. 


The growth of weakly add-fast or non-acid-fast diphtooMs 
aBd other similar organisms in the culture tubes inoculated «itb 
leprous material kas been ob(2)ined by mauy sorters. Tfee 
su^gesfiofl, theretbze, has been made that the acid~^st baeffli 
/bund in the human lesions represent only one stage in the li/s* 
cycle of the organism and other stages appear outside the hedy. 
The existence of a non*acid*fast phase even in the tisscesy 
accounting ibr the apparent absence of acid-fast bacilli in certain 
types of lesions, has been suggested. 

Toxin Production. Nothing is known about ibe to:tin pn>- 
duefion. In analogy with the tubercle bacillus, endotoxin tsay 
be the toxic factor causing the disease. It would appear that the 
endotoxin of the leprosy bacillus is very much less poisoaons 
W the tissues than that of the tubercle bacillus. The toxic jnanl- 
festatJOBS jo a patient harbouring oassw of iepro^i 
in his body arc relatively less severe than those produced by a 
far fewer number of tubercle bacilli. It is not unconunos to 
sec patients suOerin^ from lepromatous leprosy containing latf® 
masses of organisms in their lesions walWng about with app* 
rently no symptoms. Another explanation may be that the toxiai 
are shut up locally and do not permeate into the vital tissues. 

Pathogenicity'. Myco. leprae is accepted to be ibt cause of 
leprosy in man. It U not pathogenic to animals. Rat leprosy, , 
a -natural disease of rats, is different from human Itpicsy. 
Successful infection of monkeys with infected material frosB 
Icprotics has been recorded. The lesion developed In these 
animals is said to be a localised granuloma which regressed 


spontaneously. 

Leprosy is an ancient disease prevalent in all the then kno^ 
countries. It has been ptacticaHy eradicated from Europe in 
the modem times. Now it i$ widely distributed in the tropics 
and subtropics. China. India, Africa, S. America and many o! 
the Pacific islands are heavily infected. It is not entirely absent 
from the cold countries Few cases occur in Iceland.^ Scandi- 
nawa and many other countries of Europe and in practically aU 
Uie states of the U.S.A. 
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Infection seems to take place mostly in the early age. Race, 
as it is, does not make any difference in its incidence. Males 
are more often affected than females. The source of infection 
is the sick person discharging the bacilli from the breaking down 
nodules, in the nasal secretions and probably in the saliva and 
urine. Very little is known about the exact mode of transmission. 
How long the leprosy bacillus can remain viable outside the host 
tissues, is not known. For this reason, whether the disease can 
be transmitted indirectly through the agency of infected food, 
fomites and other articles, also remains problematic. Leprosy, 
like tuberculosis, is not a hereditary disease. The spread of 
infection is believed to be through contact. Prolonged and inti- 
mate contact is said to be necessary. As in tuberculosis, a 
familial transmission is definitely traceable in leprosy Regarding 
the actual route of entry, again, there is no definite knowledge. 
Probably, the nasal and the pharyngeal mucosa and the skin 
serve as portals of entry. The lobule of the car is believed to be 
a common site of entry. Apparently, there ts no observable 
primary lesion, unless the ulceration of the nasal mucosa found 
in a fair percentage of cases is considered as such. 

The incubation period is long, trying from a few weeks to 
several years. There is some evidence to show that, before 
, clinical symptoms appear, there is a general dissemination of the 
r bacilli in the skin. The organism has been found in the internal 

I viscera without actual lesions. Although most of the organs 

' or tissues in man may be affected, the skin and the peripheral’ 
I nerves are the ones chiefly involved. As in tuberculosis, the 
j essential lesion is a granuloma, the so-called leproma. Lepro- 

, mata may vary in siz^from minute to big nodules. Histologi- 

cally, large numbers of fibroblasts, lymphocytes and large vacuo- 
j lated, mononuclear cells, often crammed with acid-fast bacilli, 

, are seen. The last type of cells arc known as lepra cells. They 
f are rcticulo-endothehal in origin. They are pale foamy m appea- 
rance due to the presence of a high lipoid content. Giant cells 
\ may be encountered, but they arc different from the giant cells 

j of tuberculosis. As against the tubercle, the leproma is pro- 

vided with blood and lymph supply. Hence caseation does not 
occur. There is infiltration of the affected nerve bundles with 
I granulomatous tissue followed by fibrosis and eventual pressure 
atrophy of (he nerves. When ^e peripheral nerves form the 
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with efflux of time an apparent elongation, thickening and greater 
granularity with enlargement of the granules. From these it U 
tempting to suggest that the organism may remain alive outside 
the body for a long time. 

The growth of weakly acid*fa$t or non-acid-fast diphtheroids 
and other similar organisms in the culture tubes inoculated vtith 
leprous material has been obtained by many workers. The 
suggestion, therefore, has been made t^t the acid-fast bacilli 
found in the human lesions represent only one stage in the life- 
cycle of the organism and other stages appear outside the body. 
The existence of a non-acid-fast phase even in the tissues, 
accounting for the apparent absence of acid-fast bacilli in oertaia 
types of lesions, has been suggested. 

Toxin Production. Nothing Is known about the toxin pro- 
duction. In analogy with the tubercle bacillus, endotoxin may 
be the toxic factor causing the disease. It would appear that the 
endotoxin of the leprosy bacillus is very much less poisocoos 
to the tissues than that of the tubercle bacillus. The toxic mani- 
festations in a patient harbouring masses of leprosy bacilli 
in his body are relatively less severe than those produced by a 
far fewer number of tubercle bacilli. It is not uncommon to 
sec patients suffering, from lepromatous leprosy containing i^rge 
masses of organisms in their lesions walking about with ap^* 
rently no symptoms. Another c.tplanation may be that the toxics 
are shut up locally and do not permeate into the vital tissues. 

Pathogenicity. Myco. leprae is accepted to be the cause ot 
leprosy in man. It is not pathogenic to animals. Rat leprosy, 
a -natural disease of rats, is different from human leprosy. 
Successful infection of monkeys with infected material from 
leprotics has been recorded. The lesion developed lo ^ 
animals is said to be a localised granuloma which regressed 


^ Leprosy is an ancient disease prevalent in all the then known 
countries It has been practically eradicated from Europe ic 
the modem times, Nosv it is widely distribmed in the tropics 
and snbtropics. China, India, Africa. S. Amenta and may of 
i” p ' ife llands are heavrlv infected. It is not entirely absent 
from the cold conntnes Few cases occur in Iceland, S^n i* 
S and many other countries of Europe and ,n praetteally all 

the states of the U.S.A. 
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Squeezed while making films on clean slides from the cut surface. 
TTie skin clip may, when considered. necessary, be used for 
cutting sections. The site chosen for taking the clip is the surface 
of a nodule, the advancing edge of a Upromatous patch or the 
lobule of the car. Even in the absence of thickening, smears 
from the last site may give positive results If there is ulceration 
of the nasal septum, smears are made by means of swabs taken 
from the surface of the ulcer, fn the absence of ulceration the 
anterior third of the septum is gently scraped with the point of 
a sharp knife till it bleeds slightly The scrapings on the knife 
arc directly smeared on clean slides. The demonstration of the 
bacillus from anaesthetic patches Is regarded as almost impossible, 
but reports to the contrary have been published. The organisms 
arc not usually present in the discharges from trophic lesions. 

The complement-fixation test has been tried in the diagnosis 
of leprosy. But it is of no practical value. The erythrocytic 
sedimentation test has been extensively employed in the diagnosis 
but with no satisfactory results. It has been said that leprosy, 
especially certain types, gives a positive Wassermann reaction. 
This is extremely doubtful and the percentage of Wassermann 
positives among leprotics does not appear to be higher than that 
among the general population. 

Leprotics may develop a hypersensitivity to the body sub- 
stance of acid-fast bacilli, including the leprosy bacillus. It can 
be demonstrated by the lepromin test which causes on allergic 
reaction. Lepromin is a substance prepared from leprous nodules. 
In the present form, it is a group reaction and has little or no 
diagnostic significance. 

Btophylaxis. No specific prophylactic measures are available 
against leprosy and the problem of prevention is at present largely 
based on early detection, isolation and efficient treatment of the 
sick persons. Much success has attended the isolation and segre- 
gation of patients in certain parts of the world, notably in Norway. 
Close contact is believed to favour spread; therefore, measures 
against it should be taken. Evidence suggests that young age 
is (be most vulnerable period. Protection of children from sick 
parents and relations is, therefore, an important part of pre- 
vention. 

Treatment. Different types of vaccines have been used in 
the treatment of leprosy. They have been prepared by grinding 
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of lesioo, rofatively few organisms are present and i, h 
Afficult to show them. Consequently, the ncura! or He ates- 
tnetic type is very zjjuch less iofectious f&an the cutaneous or 
the nodular type. The degenerative changes in the implicater! 
nerves lead to trophic disturbances and atrophy of bones, parti' 
culariy of the small bones of the hands and feet, and skin aad 
trophic ulcerations are a common feature of the disease. The 
bacilli are usually absent in such ulcers. 

Leprosy is a chronic disease lasting for several years. Consi* 
derable mutilation and disfigurement are left in burnt out cases. 
By itself it is seldom fatal ; but it may give rise to complicaiicrs 
or pave the way for intercurrent infections which end fatally. 
Acute exacerbations during the course of the disease arc commba 
and, if not adequately cooirollcd, adversely aflect the course. 
A temporary lowering of the general resistance of the body freo 
any cause is probably responsible for their production. On ths 
other hand, increase in the general resistance hastens }Blprov^ 
mem. 

Diagnosis. The only reliable method is the finding of the 
organism in suitably stained smears or sections examined ^ndc 
the microscope. This is not always possible, especially in tie 
anaesthetic type of the disease, when reliance has to be placed 
entirely on plinical symptoms. Cultural and animal iaoculalioa 
methods are of no avail, except as negative evidence. Soffit' 
times the Question may arise whether an acid-fast orgaRUffi 
observed is the leprosy bacillus or the tubercle bacillus. Morpho 
logically the former is shorter, stootcr, straighter and inon 
solidly stained than the latter. The vast numerical supmority, 
the characteristic arrangement, the intracfllular position in 
are known as the lepra cells are other differentiating points. Tit 
leprosy bacillus is decolourised with acid-alcohol in a mucii 
shorter time than the tubercle baallus. ^Vben there is a suspect^ 
invoh-ement of the lungs m leprosy, tuberculosis can be ruled 
out by negative cultural and animal inoculation results. 
both infections may coexist. 

The smears for examination have to be taken carefoHy. Toe 
organism is not usually found in the epidermis or in the super- 
...■-t of the mucous membrane. The usual procedure )S 

of curved 

'.'•*« the dip is 
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PFEIFFERELLA 

The generic characters of Pfeifferella are; short, slender 
rods with rounded ends, sotneiimes torraing (breads and showing 
a tendency to branching : motile or non-motile : staining poorly, 
often irregularly and exhibiting a tendency to bipolar staining. 
Gram-negative. The genus contains only two species, pfelffereUa 
mallei and Pfeifferella whUmori: both ate pathogenic to certain 
animals and roan. 

Some authors use the originally suggested, and probably 
more correct, generic name Loefflerelh for this genus. There is 
some doubt about its exact biological position. In view of its 
restricted biochemical activity and the appearance of cocco- 
bacillary forms, some authorities regard the glanders bacillus as 
aVin to Brucella. But in certain characteristics, such as the 
tendency to braoebing and the utilisation of glycerine, it resembles 
the Mycobacteria. On the whole, the evidence is in favour of 
^e view that Pfeifferella lies between Mycobacterium on the one 
hand and Actirxomyces on the other. The inclusion of Whitmore’s 
bacillus in this genus is only tentative and has not received 
general agreement. 

Pfeifferella Mallei. Pf. malleU or the glanders bacillus 
(L., malleus, glanders), was first isolated by Locfilcr and Schulz 
in 1882 from a fatal case of glanders in horse. It is a strict para- 
site found in the cquines and man. Occasionally it may infect 
ofiieT animals. 

Morphology and Stavnlng. The glanders bacillus is a small 
slender rod, 2‘0-5'Ofi by straight or slightly curved, 

with rounded ends, usually occurring singly, in end to end pairs 
and in bundles. In culture the organism tends to be shorter, 
but great variation in size and shape is encountered ; it may grow 
into long filamentous, pear-shaped, club-shaped and branched 
involution forms, particularly in old cultuits. The glanders 
^cillus is not motile nor does it develop spore or capsule. It 
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up whole leprous nodules, from bucilH separated from lesions or 
from supposed cultures of Myco, leprae sad even from other 
organisms like the tubercle bacillus and certain Actinoin)-cts. 
The improvement with these, if any, is very limited. 

Many drugs have been employed in (he treatment of leprosy, 
but none, except choulmoogra oil and its denvstlves, has sto^ 
the test of trial. Promin, diasone, streptomycin and others are 
on trial. 

Mycobacterium Leprae Murium. The organism of rat leprosy 
was discovered by SteCansky in 1901 in the tissues of infected 
rats. In morphological features and stainirsg properties it rcses* 
bles the human leprosy badttus. The organism is found ia 
large numbers in the specific 'lesions both intraccllulariy and 
extracehulariy. It has col been as yet successfully cultivated. 
The disease maoifests itself in the rat in two forms— tbc glanduto 
type and the musculo-cutaneous type. It has no relationship 
with human leprosy. Rats are imatune to iafection nilb ieproia 
material from man. Rat l^rosy has a worid wide distribirtiw 
and is found among A ra/tus and A naryegkus. Expertoeotal 
transmission of the disease to healthy rats by the transplaniaiica 
of infected material from the sick ones is possiWe. By the same 
method the infection has been recently transmitted to white rats, 
mice and guinea-pigs. Other animals arc insusceptible. 
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* Toxin Production, No diffusible toxin is elaborated by the 
glanders bacillus. Presumably the endotoxin is the disease- 
causing agent. 

Pathogenicity. It causes glanders or farcy in horses, asses 
and mules ; from these animals it may spread to man. Experi- 
mentally the disease can be readily reproduced in the equines and 
goats and less readily in sheep; pigs and cattle are resistant. Of 
the laboratory animals, guinea-pigs are very, and rabbits, tats and 
mice less, susceptible. Subcutaneous injection into guinea-pigs 
causes abscess formation locally, subsequent generalisation and 
death in about three or four weeks. The intraperitoneal injection 
into a male guinea-pig leads to the rapid spread of infection to 
the tunica vaginalis, causing acute inflammation and swelling 
of this structure and the testicles in two or three days. This is 
known as the testicular reaction or Straus reaction. It is followed 
by death of the animal in about ten days. 

Glanders is a world wide iofcction, but of restricted occur- 
rence anywhere. The disease is rare in this country. It is an 
infectious disease primarily affecting the equines. How it spreads 
among animals, is not clear. The porta! of entry is the respiratory 
tract and skin. Two clinical types are seen, glanders with major 
Involvement of the lungs and farcy or cutaneous glanders. The 
condition may be acute, subacute or chronic, but each may run 
into the other. Latent infection bas also been reported. The 
essential lesion is a granuloma; small nodules are formed at the 
primary site and subsequently in the lungs and internal organs. 
They eventually ulcerate, giving rise to a discharge. Large num- 
ber of bacilli are present in the lesions and discharges. In the 
skin type they are less numerous. The disease is invariably 
fatal. 

Glanders is uncommon in roan. It occurs chiefly in persons 
who cbme in close contact with horses, asses and mules; hence 
veterinarians, ostlers, grooms and coachnicn are the usual victims. 
Transmission of infection is direct, through contamination of 
abrasions or wounds with glanderous discharge from sick animals. 
Spread from man to man is extremely rare. Primary infection 
may also occur through the nasal or oral mucosa. Laboratory 
workers ate very prone to get the infection : the glanders organism 
is very infective and, next to Past, tularensis^ is the most dangerous 
to deal with. 
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methylene blue give good nwuKs. Uncveo Safeing and bipolar 
steining are common. In (issues granular appearance, siaW 
areas alternating ,vi(h nnslained areas, is eharacteristic. Cnllore 
torms, especiaBy when old. may also stain irregularly, ivith a 
tendency to bipofar staining. The organism is Gram-neraliye 
and non»acid*fast. 


Growth K^gajrements, Oxygen is necessary for growth, no 
growth occurring when it is strictly excluded. No -growth 
occurs below 20'‘ or above 44’’ C.,* the optimum temperature is 
37* C. 

' Cultural Characters. Pf. mallei is a slowgrower, ahhougbit 
grows on ordinary culture media. The addition ot ^ycero] (4 per 
cent.), biood or scrum improves growth. A slight add pH is j 
favourabie. On agar round, convex, slimy, whitish colonies arc ; 
developed, which attain a size of 0’5-l mm. diameter after two 
to three days; older colonies arc bigger, opaque, granular and 
yellowish brown. Dry and wrinkled colonies are also often noted. 
Tht growth on potato is at first greyish yellow, turning in four days 
to a honey-like colour, later becoming chocoIate-brown. Broth 
culture shows slight turbidity sometimes with thin surface growth 
and a slimy or ropy sediment. There is no haemolysis on horse 
blood agar, but the medium is browned. 

fijocbetnlcal Properties. The orgawsm does not 
ferment carbohydrates ; some strains produce small amounls of 
acid in glucose and probably in salicin. There is no appreciable 
change in litmus milk ; it may become slightly acid. No iadrft • 
is produced. Nitrates are not reduced. Smalt amounts of ’ 
hydrogen sulphide may be formed. 

Resistance. The common bactericidal agents readily destroy 
the organism. Moist heat at 55* C kills it in ten minutes. The 
org.anism does not survive in infected pus or discharge, when 
dried, for more than a few days. It is important to remember 
that the organism dies quickly in primaiy culture, but after several 
subcultures, it becomes more hardy and remains viable for sevcial j 


Antigcttio Structure. The glanders bacil/us does not represent 
a homogeneous group. The smooth form appears to possess two 
O antigenic components and there appear to be at least two types 
of malki, one of which I's related to P/. whitmori. 
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chronjc and latent cases. In assessing Ibe results of agglutmation 
reaction it should be noted that the serum of normal horses 
agglutinates the glanders badilus up to a litre of 1:300. 

Prophylaxis and Treatment. The elimination of the disease 
from the equine animals is the surest method. In certain countries, 
like England, legislative measures have been taken with great 
success. Next is the avoidance of contracting the infection. 
Vaccination and serum treatment ate both devoid of any value, 
cither prophylactically or curativcly. Chemotherapy likewise does 
not help. 

PfeifTerella Wbltmori, P/. whumori is the causative agent of 
melioidosis. It was discovered by Wbhmore and Krisbnaswami 
(1913) from a glanders-like disease in man in Rangoon. In 
certain respects it resembles the glanders bacillus but is motile. 
It grows readily on ordinary media. A brownish growth on 
potato is likewise obtained in this. Acid is produced in lactose, 
glucose, saccharose, dulche and roannite; gas is not formed. 
Indole is not produced; gelatin is liqueSed. Serologically 
?/. H'hhmori closely resembles Pf. malleii the former appears 
to constitute a homogeneous group. The organism is virulent 
to guinea-pigs and rabbits. 

Melioidosis occurs in certain restricted areas in the Malay 
States, Indo China, Burma and Ceylon. It is epizootic among 
rodents and fiom them man gets the infection. How the infe- 
ction spreads, is not known. The disease in rodents is similat to 
glanders, but io man it is usually a septicaemia or pyaemia. 
There may be localised suppurative lesions in the internal organs. 
The organism may be isolated from the blood, urine or pus. 
Serologically Whitmore’s badilus is related to Pf, mallei (p. 580). 
It also gives rise to Straus reaction in male guinea-pigs. 
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Ittfectioo through the skin is far more common in man, 
Orcmnscn’becf mflammatory nodules are formed at the si(^ 
whether itx the skin or the nasal mucosa. In acute cases tie 
infection becomes rapidly generalised, forming multiple pustular 
nodufes on the skin and subcutaneous tissues and in the lungs or 
internal organs. Spread occurs via the lymphatics. Muco- 
purulent discharge from the nose, high fever and severe prostra- 
tion are prominent symptoms and death may occur in seven to 
ten tfays. Chronic cases may go on for weeks or months and 
finally succumb to the infection. Recovery is exceedingly rare. 
Latent infection in man also has been reported. 

Diagnosis. The mio-oscopic examination of stained films, 
prepared from the pus or discharge taken from the patient, may 
reveal the presence of the characteristic bacilli. But it is cot 
always satisfactory. Moreover, a negative finding dots oQl 
exclude glanders. The isolation of the organism from the ptij 
or discharge and the subsequent identification should, therefoi^ 
be proceeded with. A honey-coloured growth is a characteristic 
feature; the specific agglutination will clinch the diagnosis. 
Animal inoculation is another reliable method. If the original 
material or an isolated culture is injected intraperitoBcally into a 
male guinea-pig, Straus reaction, the testicles becoming red aw 
swollen, is obtained in two or three days. It is accompanied by 
severe general symptoms and the animal dies subsequently, sbo’^* 
ing characteristic lesions in the spleen, lungs, liver and oth« 
internal organs. The organism is found in the lesions, cspeaauy 
the inflamed tunica vaginalis, in considerable numbers. 
original material contains also extraneous organisins, it is tubbe 


into the scarified skin of the animal. 

The maUein test is an allerpc test analogous to the tubercuuQ 
and brucellin tests (p. 327); it is employed only in veterinaty 
practice. MaUein is the sterilised and concentrated filtrate from 
a four weeks old glycerol broth culture. It is prepared in t e 
same way as tuberculin. It Is usually injected subcutaneously. 
A local reaction accompanied by a rise of temperature and often 
profound constitutional disturbances constitutes a posithc tesc 
Serological tests are seldom applied in the diagnosis of 
danders in man. The complement-fixation test is more reliable 
to the agglutination test. These are sometimes used in the 
diagnosis of animal glanders, particularly the former to show up 
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chronic and latent cases. lo assessing the results of agglutination 
reaction it should be noted that the serum of normal horses 
agglutinates the glanders bacillus up to a titre of I ; 300. 

Prophylaxis and Treatmeat. The elimination of the disease 
from the equine animals is the surest method. In certain countries, 
like England, legislative measures have been taken with great 
success. Next is the avoidance of contracting the infection. 
Vaccination and scrum treatment arc both devoid of any value, 
cither prophylaclically or curaiively. Chemotherapy likewise does 
not help. 

Pfeinetella Whitmori, Pf. whiimori is the causative agent of 
melioidosis. It was discovered by Whitmore and Krishnaswami 
(1913) from a glanders-like disease in man in Rangoon. In 
certain respects it resembles the glanders bacillus but is motile. 
It grows readily on ordinary media. A brownish growth on 
potato is likewise obtained in this. Acid is produced in lactose, 
glucose, saccharose, dulcite and mannite; gas is not formed. 
Indole is not produced; gelatin is liquefied. Serologically 
Pf. wfiiimcri closely resembles Pf. mailei; the former appears 
to constitute a homogeneous group. The organism is virulent 
to guinea-pigs and rabbits. 

Melioidosis occurs in certain restricted areas in the Malay 
States, Indo China, Burma and Ceylon. It is epizootic among 
rodents and fiom them man gets the infection. How the infe- 
ction spreads, is not known. The disease in rodents is similar to 
glanders, but in man it is usually a septicaemia or pyaemia. 
There may be localised suppurative lesions in the inlemal organs. 
The organism may be isolated from the blood, urine or pus. 
Serologically Whitmore’s bacillus is related to Pf. mallei (p. 580). 
It also gives rise to Straus reaction in male guinea-pigs. 



582 


A TEXTBOOK OF BACTERIOLOGY 


Infection through the skin is far more common in man. 
Circumscribed inflammatory nodules are formed at the site* 
whether in the skin or the nasal mucosa. In acute cases the 
infection becomes rapidly gener&lised, fomiog multiple pustular 
nodules on the skin and subcutaneous tissues and in the lungs or 
internal organs. Spread occurs via the lymphatics. Muco* 
purulent discharge from the nose, high fever and severe prostra- 
tion are prominent symptoms and death may occur in seven to 
ten days. Chronic cases may go on for weeks or months and 
finally succumb to the infection. Recovery is exceedingly rare. 
Talent infection in man also has been reported. 

Diagnosis. The microscopic examination of stained filtfs. 
prepared from the pus or discharge taken from the patient, may 
reveal the presence of the characteristic bacilli. But it m n® 
always satisfactory. Moreover, a negative finding dow ^ 
exclude glanders. The isolation of the organism fr^ P 
or discharge and the subsequent identification should, 
be proceeded with. A honey-coloured growth is a ch®^?f . 
ftaturej tie specific agglutidslion will clioch tie P • 
Animal inoculation is another reliable metiod. ^ 

material or an isolated culture is 

male guinea-pig. Straus reaction, to .‘’““’Xtod W 

swollen, is obtained in two or three daju^ It « ““"“g 
severe general symptoms and to animal -i® 
ing characteristic lesions in to J J 'io„s, especially 

ifltcraal organs. The organism is found in to le 
the inflamed tunica vaginalis, in considerabl ,,is„i)i,eii 
original material contains also ealraneous orga 
into (he scarified skin of the aoimal. ^Aefculio 

we »n//e-n mar is an alleigic ten 
and brucellin tests {p. 327): « « uittateftom 

practice. A/n//e/n is .be sterilised and ttc 

a four ueehs old glycerol broib ^"^“"•i„j„,./,„l,c„taneously. 
same way as tuberculin. , K “ of temperature and often 

A local reaction accompanied by a nse o mP 
profound consriiulional •“ ^.gnosis of 

Serological tests are “ I ^ n,:,rf 

glanders in man. The ““P'™' ® sometimes used in the 

r.S:f^S"nS,?ZlS^--ra.er.oshow. 
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club-shaped swellings. Hence tKe name ‘‘ray fungus" sometimes 
applied to it. This type of growth is well marked in lesions but 
not in culture. In fact, it may be absent in some of the aerobic 
pathogens. The filaments arc straight or wavy, slender, measur- 
ing 0«5-0‘8 micron thick and extremely pleomorphic, often 
breaking down into bacillary or coccoid forms. Sometimes they 
may even simulate streptococti in appearance. Two types of 
terminal swellings are encountered, the “tissue clubs” and the 
"culture clubs". The tissue clubs are very prominent features.' 
They are all turned to the periphery of the mycelium. In older 
mycelia these clubs may constitute the sole surviving structure 
owing to the degeneration of the central portion of the colony 
and the formation of a structureless mass. They seem to be 
accretions from the tissues and are Gram-negative. They are 
weakly acid«fast. Another view is that “club" formation is the 
result of a swelling of the sheath of the filament at the extremity 
as a protective reaction on the pan of the organism against the 
tissues of the host, a sort of defensive mechanism. The culture 
clubs are true swellings of the mycelial ends and do not show 
dlfTereoce in staining. They are less conspicuous. 

On the ground of oxygen requirement these organisms are 
classified into two groups: the aerobic and the anaerobic. The 
aerobic species, also called the Bostrocm types, are found as sapro- 
phytes in the soil and elsewhere or as parasites on plants, grains, 
grass, etc. Members of this group arc frequently found as 
secondary invaders in lesions of the upper respiratory tract of 
man, mouth, genitalia and skin. A few species of the aerobic 
type are acid-fast, but this property is weak and a one per cent, 
mineral acid should be used instead of the usual concentration. 

, The production of pigment is characteristic of many species; 
almost any colour may be produced. Two species, Acf. tnadurae 
and Act. asferoides, cause disease in man. 

< The anaerobic ones, or the Wolff and Israel types, ate strict 

parasites and include Act. how which causes a granulomatous 

i disea sc in cattle, sheep and occasionally in man. The anaerobes 

are all non-acid-fast. 

Actinomyces Bovh. Aeu hovii was discovered by Bollinger 
{ m 1877 and at his instance it was studied and described by Harz 
in the same year. The latter also gave the parasite Us name 
Actinomyces or ray fungus on account of the ray-like fashion in 
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actinomycetes probably form a link between tie less 
dinerentiatcd Eubacteriales on the one hand and the more 
advanced fungi on the other. They art coaposed of cells usually 
elongated, frequently filamentous with a tendency to form branches, 
and in some genera forming a definite branched mycelium. The 
order Actinomycetales is divided into two families, the Myco^ 
bacteriaceae which include the mycobacteria and the cojync* 
bacteria, and Actinomycetaceaes The latter contains three genera, 
Leptotrichia, Eryslpehihrix and Actinomyces. A new genuS/ 
PfoacUnomyces, including all the pathogenic species, has been 
created recently, but it has not received wide acceptance. 

As stated above, the organisms belonging to the genus Actinc- 
myces are higher forms of life than the ordinary bacteria. There 
is still some uncertainty about their systematic position; some 
regard them as transition forms between the bacteria and the 
fungi. Several names have been given to them from time to 
iimt-^StreptotJmx^ Nocardia, Discomyces and others, but they 
are now largely given op. The genus was defined by the Cc®* 
mittee of American Bacteriologists (IP20) as follows; ‘'organisms 
growing in the fonn of a much branched mycelium, which may 
break up into segments that function as conidia. Sometmi«s 
parasitic, with clubbed ends of radiating threads conspicuous j 
in lesions in the animal body. Some species are microaerophilic • 
or anaerobic: Non-motile”. The branching may be lateral and j 
dichotomous. Granules are often found inside the mycelial s 
threads. With a few possible exceptions, all are Gram-positive, j. 
Some are acid-fast. These organisms are chiefly found in tie y 
soil as saprophytes. Many are parasitic on plants and animals 
and a few are pathogenic. 

The mycelium in the parasitic species consists of an interlaang 
mass of branched filaments orhyphae which tend to radiate from 
a centra! knot towards the periphery where th^ may exhibit 
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does not show any growth for about one centimetre below the 
surface. Below this are seen scattered about irregularly round, 
tiny, opaque, greyish white colonies. The organism does not 
grow on MacConkey's medium. In broth growth occurs as 
white granules which sediment, leaving a clear supernatant fluid. 
There is no surface growth. 

Biochemical Reaction. Glucose, maltose, lactose, saccharose 
and sallcin are fermented with the production of acid without 
gas. Litmus milk is not changed. No indole is produced nor 
hydrogen sulphide. Nitrates arc reduced. Gelatin is not liquefied. 
No haemolysin is formed nor soluble pigment. The biochemical 
reactions have no practical value. 

Resistance. Its resistance to adverse influences is only of the 
same order as that of other vegetative bacteria. Moist beat at 
60® C. kills the organism in 10-15 minutes. Culture may remain 
alive for about one to three weeks. The preservation of strain 
may be done in glucose agar shake culture. 

Fathogeniclty. The organism causes actinomycosis in man^ 
cattle and less frequently in swine. Only very mild lesions are 
produced by experimental Inoculation into laboratory animals. 
Such lesions are benign and heat after varying periods. 

Actloonycosls, Actinomycosis is a rare disease. It is much 
more prevalent among cattle than among mao. How the infe- 
ction is transmitted, is not known. Probably it enters through 
the mucosa of the mouth. The majority of cases in cattle are 
found in or about the bead, the lower jaw and the longue being 
particularly picked up by the parasite. The disease may also 
occur in other parts of the body, such as the pharynx, lungs, 
lymph glands, udder and liver. Clinically the lesion Is a hard 
tumour which softens and disintegrates the adjoining tissues, 
including the bone. Simultaneously with destruction there is 
also formation of new tissues. The tumour extends gradually 
to the contiguous tissues. Metastasis is uncommon and gene- 
ralisation rare; when it occurs, the blood stream is the more 
common route than the lymph. The disease is very chronic and 
death is due to mechanical causes ^an toxaemia. In macro- 
scopic appearance the lesions in the lungs and udder often 
simulate tuberculosis. The essential lesion is a granuloma and a 
histological section shows epithelioid cells and often giant cells. 
The parasite is present in the tissues as mycelial masses or granules. 




- f. ACTINOMYCES 


589 


threads. A few granules are then picked out by means of a sterile 
pipette, washed in sterile saline twice or thrice and finally inocu- 
lated into a number of solid and liquid media containing glucose, 
scram or blood They are then incubated anaerobit^IIy, after 
which isolation is proceeded with. 

Actinorayccs Asteroides. Ori^nally isolated from a brain 
abscess (Eppinger), it has been subsequently reported from a 
number of pathological conditions. It is an aerobe. It is Gram- 
positive and weakly acid-fast. TTie mycelial threads are thicker ; 
they readily break up, especially in fluid culture, into bacillary 
forms. The organism grows well on ordinary media. Older colonies 
may be pigmented yellow or pink. Lesions of the lungs, pleura 
and peritoneum due to this parasite have been several times 
reported. A chronic affection of the lungs with ^cr. astcroides 
closely counterfeits tuberculosis. In smears stained by the acid- 
fast method, only bacillary forms of the parasite are seen and 
are then scarcely distinguishable from tuberde bacilli. Culture and 
guinea-pig inoculation, however, provide ready means of differ- 
entiation. Act.as/e/oides is pathogenic to rabbits and guinea-pigs. 

Actinomyces Madurae. This parasite is responsible for a 
chronic granulomatous disease, principally of the foot, called 
mycetoma or Madura foot. But other species of actinomyces 
and certain moulds may also cause mycetoma. 

Morphology. The mycelial filaments are I 0-t -5 microns in 
thickness. The ends break up into ovoid conidia, particularly 
marked in artificial culture. There is true branching. The 
tissue forms appear as interlacing network of mycelial filaments, 
often radially arranged and ending in club-like swellings. In 
culture it grows as long, non-segmcDlcd, branching filaments. 
A mycelial arrangement is not conspicuous. The organism is 
uon-motile, Gram-positive and not acid-fast. The tissue forms 
■may show irregular staining, but the culture forms take uniform 
staining. 

Caltftatlon. Act. madurae is an aerobe. Its optimum tempe- 
rature is 37* C. On agar small, round, convex colonies arc formed. 
They arc greyish yellow, opaque wth a glistening surface, adherent 
to the medium and very dilTicult to emulsify. In broth growth is 
poor, showing clear supernatant fluid and while granular deposit. 
The addition of glucose or glycerol improves growth. A pigment 
« often formed, which is insoluble. 
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contos the charactenshc small yellowish granales which o« 
be readily shown to be colonies of the organism. . A smaU Gram- 
Mgative, non-motile bacillus, Aclinobadllns nakmycetum corn!- 
ms, ircquently occurs in association with the myceiia (p. 592 ). 
By appropriate methods pure culture of it can be obtained. Its 
actual role in the infection is not known. When inoculated alone 
into experimental animals, it fails to produce any lesion. 

The mode of infection in man also is obscure. The disease, 
whether in cattle or in man, does not appear to be very infectious. 
Contact with cattle may favour infection. Probably the oral 
mucosa may be the portal of entry. Organisms closely resem- 
bling Act. bovis are sometimes found as commensals in the upper 
respiratory tract, mouth and intestine and it is possible that the 
infection is eodogenous. 

In man the disease is more con&oed to the soft parts acd 
involvement of the bone is far less frequent than in the cattle. 
About two-thirds of cases arc in the cervico-facial regions. The 
thoracic and the abdominal viscera are the next frequent sites. 
Though the disease usually spreads by contiguity, metastasis \ia 
the blood and lymph channels may also occur, followed by the 
setting up of secondary foci commonly in the brain, kidney, spleen 
and lungs. Abscesses are formed in these organs. Discharging 
sinuses form a common clnical feature. The characteristic granules, 
though present in the lesions, may be sometimes absent from the 
discharge. The disease may often be less chronic in man than in 
the cattle. Death may be due to embolism or secondary in- 
fection. Spontaneous cure may take place. There is no evidence 
of any effective immunity response in actinomycosis. The deve- 
lopment of hypersensitivity to the parasite has been reported 
recently. 

Diagnosis. The diagnosis of actiaomycosis is not diffcuH 
and depends upon the demonstration of the parasite in the pus or 
sputum followed by its isolation and identification. The pus 
is spread in a sterile Petri dish, if necessary mixed with some 
sterile salt solution or w’atcr. The granules are easily seen. One 
or two granules are picked up and crushed on a slide with another 
slide stained by the Gramms method and examined. The Gram- 
oositive mycelium, presentiag the characteristic appearance, ts 
seen. Even in the absence of granules smears may show mycelral 
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threads. A few granules are then picked out by means of a sterile 
pipette, washed in sterile saline twice or thrice and finally inocu- 
lated into a number of solid and liquid media containing glucose, 
serum or blood They are then incubated anaerobically, after 
which isolation is proceeded with. 

Attiuomyces ^teroides. Originally isolated from a brain 
abscess (Eppinger), it has been subsequently reported from a 
number of pathological conditions. It is an aerobe. It is Gram- 
positive and weakly acid-fast. The mycelial threads are thicker j 
they readily break up, especially in flujd culture, into bacillary 
forms. The organism grows well on ordinary media. Older colonies 
may be pigmented yellow or pink. Lesions of the lungs, pleura 
and peritoneum due to this parasite have been several times 
reported, A chronic affection of the lungs with Act. asteroides 
closely counterfeits tuberculosis. In smears stained by the acid- 
fast method, only bacillary forms of the parasite are seen and 
are then scarcely distinguishable from tubercle bacilli. Culture and 
guinea-pig inoculation, however, provide ready means of differ- 
entiation. Act. asteroides is pathogenic to rabbits and guinea-pigs. 

Acfloomyccs Madorae. This parasite is responsible for a 
chronic granulomatous disease, principally of the foot, called 
taycctoma or Madura foot. But other species of actinomyces 
and certain moulds may also cause mycetoma. 

Mo^hology. The tnyceltal filaments arc 1 (H -5 microns in 
thickness. The ends break up into ovoid conidia, particularly 
marked in artificial culture. There is true branching. The 
tissue forms appear as interlacing network of mycelial filaments, 
often radially arranged and ending in club-like swellings. In 
culture it grows as long, non-segmented, branching filaments. 
A mycelial arrangement is not conspicuous. The organism is 
non-motilc, Gram-positive and not acid-fast. The tissue forms 
■may show irregular staining, but the culture forms take uniform 
staining. 

Culthatlon. ,4cf. mui/wruc is an aerobe. Its optimum tempe- 
rature is 37® C. On agar small, round, convex colonies arc formed. 
They arc greyish yellow, opaque with a gUslcning surface, adherent 
to the medium and very difiicuU to emulsify. In broth growth is 
poor, showing clear supernatant fluid and white granular deposit. 
The addition of glucose or glycerol improves growth. A pigment 
is often formed, which is insoluble. 
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« “W more resistant to adverse 
tnflutnecs than ftf vegelsthv ftaeteria. Moist Seat at ffl>c 
destroys the jnic/obe m 6vc mtautes. 

PathogcBicity. Act. madarde causes ayntom in ma. It a 

not known w be mtutatty palbogenic to animals. Inflated 
subcutaneously’ into rabbits and guinea-pigs, lie orgaoism pro- 
ouces a small local nodule which regresses after a monih. 

Mycetoma or ^^adora foot is a disease of the trop/caJ aad 
subtropical rc^ons. hvt cases have also been reported from 
certain countries in the temperate zone. Jts greatest prevahnee 
is in India and some countries adjoining the Med/terraaeafl hash. 
Cases were first reported about the year m2 from Madura, 
hence the name. 

besides Acf. ntajurae^ several other species of Aellnomyees 
way also cause the disease. The more commoa of thw ^re 
Act. scma/ifnsfs, Act. osieroides and Act. bovis. Madura disease 
taay also 6c caused 6y certain moulds (Hyphomyee(es) bclongiai 
to a number of genera, such as Aspergillus. PenfeUUm, several 
species of Madttrelh, and others. Of these. Madurelh myceiem 
is the commonest. It is usual to classify mycetoma into wo 
aetiological groups : the actinomycotic type caused by Acilncmyces 
and maduramycoses due to moulds. 

The disease affects chiefly the foot; rarely the hand acd 
other parts of the body may he aflected. There is undoubtedly 
some relationship between the incidence of the disease ant babtwM 
locomotion barefooted. The organism probably enters ihmuga 
the sWa and a history of injury or aUasion, for exsmpie tbe 
prick of a thorn, can invariably be obtained. A small suIn 
cutaneous swelling appears usually on the sole of the foot- 
soon ruptures, giving rise to a discharging sore. The tafectiofi 
gradually extends, burrowing into the deeper tissues. Consj' 
dcfable swelling and distortion of the foot, suppuration aco 
formation of nodules and mvhipfe sinuses, discharging an Quy 
’ often foul-smelling pus, arc the characteristic features of the 
disease. The parasite is present in the lesions in large numbers. 

' The myceVal granules are found in the infected tissue ano 
discharge. They may be up to 1 mm. in diafeetcr, oHeti larger 
than the granules of Act. boAs. The granule may be whnt, 
■vtim or black in colour. The ycitew and white types ate usually 
associated with the actinomyeoUc type of mycetoma and the hUCK 
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g^inules with maduramycoses. But it is unsound to classify the 
disease on the ground of colour production by the mycelium, since 
granules having the same colour may be produced by widely 
different species and conversely the same species may at times 
produce differently coloured granules. 

Qinically no differentiation can be drawn between the actino- 
mycotic Madura foot and that caused by moulds, probably, 
in the former there is a greater tendency to bone involvement. 

Diagnosis. The mycelial granules are present in the dis- 
charge and the parasite may be demonstrated as in the case of 
actinomycosis. However, the granules may be very hard and 
gritty and treatment with 20 per cent, caustic soda solution may 
be necessary to dissolve out the debris and pigment. It may be 
remembered that club formation maynotbe a conspicuous feature 
in mycetoma. The cultivation of the organism may be done as 
for actinomyces, but when maduramycosis is suspected Sabou- 
Taud’s medium should be employed. 

Treatinent. The administration of hea\y doses of potassium 
iodide has some value, Penicillin therapy has been claimed 
to Yield good results in some cases. But when there is consi- 
derable tissue destruction, surgical removal of the affected part 
is the only effective measure. 

Actinomyces Moris. This is an actinomyces originally iso- 
lated from cases of rat-bile fever. It is variously known as 
Streptothrix muris ratti, Haverhillia muhiformis, Actinomyces 
Tnitris-ratti and Srieptobacillus moniliformis. Some authorities 
regard it as responsible for one type of rat-bite fever in man — 
sometimes described as erythema multiforme or Haverhill fever. 
It is a normal parasite of rats and mice and is present in the naso- 
pharynx. The organism is described as Gram-negative; it is 
■very pleomorphic and shows bacillary, coccobacillary and fila- 
mentous forms, the last showing characteristic fusiform swellings. 
There is no doubt that it has been several times isolated from 
cases of rat-bite fever, but its real relationship with the disease 
awaits further elucidation: 

Actinobacillus 

These are non-motUe, non-branching. Gram-negative, non- 
add-fast rods about 1*5 microns in length, sometimes occurring 
in long chains. One of the members of this group, Actinobacillus 


590 


A TEXTBOOK OF fiACTERloiOGY 


^ Resistance, The organism is not more resistant to adverse 
influences than^ the vegetative bacteria. Moist hcatat^’C 
destroys ihe Viictcbe in five minutes, ' 

Palhograici^. causes mycetoma in man. It is 

not known to be namraily pathogenic to aoimaJs. 7noajiatd 
cu aneous y into rabbits and guinea-pigs, the organism pro- 
duces a small local nodule which regresses after a month. 

Mycetoma or Madura foot is a disease of the tropical and 
subtropical regions, but cases have also been reported from 
certain countries in the temperate zone. Its greatest prevalence 
IS in India and some countries adjoining the Mediterranean basia. 
Cases were first reported about the year 1842 from Madura, 
hence the name. 

Besides Aci. madurae. Several other species of Actif^cmyces 
may also cause the disease. The more common of these are 
Act somaliensis, Act. asterofdes and Act. bovis. Madura disease 
rosy also be caused by certain moulds {Hyphowycetes) bedoD|iflg 
to a number of genera, such as Aspergillus^ Peniciihum, several 
species of Modurella, and others. Of these, Madurella mycetoma 
is the commonest. It js usual to classify mycetoma into two 
oetiologjcal groups : the actinomycotic type caused by Actlnmycts 
and maduramycoses due to moulds. 

The disease affects chiefly the foot; rarely the hand and 
other parts of the body may be aflected. There is undoubtedly 
some relationship between the incidence of the disease and habitual 
locomotion barefooted. The organism probably enters throng 
the shin and a history of injury or abrasion, for example the 
prick of a thorn, can invariably be obtained. A small sub- ; 
cutaneous swelling appears usually on the sole of the foot. It 
soon ruptures, giving rise to a discharging sore. The infection 
gradually extends, burrowing into the deeper tissues. Cons^ ^ 
derable swelling and distortion of the foot, suppuration and | 

formation of nodules and multiple sinuses, discharging an oily •] 

often foul-smelhng pus, are the characteristic feature.^ of the | 
disease. The parasite is present m the lesions in large numbers* 

The mycelial granules are found in the infected tissue and 
discharge. They may be op to 2 mm. in diaftcter. often larger 
than the granules of Act. bovis. The granules may be white, - 
_ ■ -TT., ..««««* «fid white types are usually 

mycetoma and the black 
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form are larger and flatter with a dry granular appearance. 
Growth in liquid media gives rise to fluffy haWike masses with 
little or no turbidity. The deep colonies of E. rhuslopathiae in 
ten per cent, horse blood agar show haemolysis. 

Of the common sugars, only glucose, lactose, galactose and 
levulose are fermented with the production of only acid. Indole 
is negative. Litmus milk is unchanged. Nitrates are reduced. 
Hydrogen sulphide is formed. 

Resistance is slightly higher than in the case of other vege- 
tative bacteria. Moist heat kills the organism in fifteen minutes. 
The organism is very resistant to preservative processes, like 
salting, pickling and smoking; in such preserved meat it may 
survive even up to one to three months. Great resistance is also 
shown to putrefaction. These are points of practical importance 
in food industry. 

E, rhusioputhlae does not produce any e^otoxin. It causes a 
spontaneous disease, swine erysipelas, in swine. It may also 
rarely iniect sheep and birds. In the infected animals the bacilli 
are present in the characteristic lesions and in the internal organs, 
like the spleen and kidneys. Marked septicaemia is present in 
some cases, when the organism is seen in blood films. Occasionally 
man may get the infection. Experimentally it is pathogenic for 
mice, pigeons and rabbits, but not for guinea-pigs. Inoculation 
into swine reproduces the disease yust as it occurs naturally. 

The human disease is called erysipeloid. Transmission is 
through contact with swine, the organism entering through some 
abrasion in the skin during handling of infected materials, like 

, meat, hides and manure. Jt may also be noted that the organism 

, is present in the normal hog and has been isolated from the tonsil, 
■ intestine and faeces. 

I Antibodies, like agglutinins, arc produced in the infected pig 

1 and their appearance is made use of in diagnosis. An antiserum 
j prepared against the organism has some therapeutic and prophy- 
i lactic value. Active immunisation with attenuated culture, or 

' with virulent culture in conjunction with antiserum, is valuable. 

I 
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disease in cattle called aciiii,.' 
sis in several respects. His 
! in cplnnies and gires rise to 
ffc sinsilcc buf more nuincrous 
cs. 'Anotbcr spicits, Acdrto- 
s been isoJaftfd from fhc/c«on 5 

Iseptotrrehla 

pc members of (his genus are endVe/y saprophytic. They 
consist or urtbranched filaments someumes provided with stpta. 
CeptofrCchia 6uccafis {Uptothrlx buccalh) is n species often fouad 
in the norma/ mouth, ft is- Orara'Dcgative and aerobic. U 
mtjy occasionally he seen in suppurative lesions of the moulb 
and throat, but that may bt only a reliecfion of its presence 
in (be mouth. 

Eryslpcloihrix 

’ The members of this genus are rod*shaptd Mganisms with 
a (endenev to the formation of Cong filaments which may shew 
branching. Tliey are non*inoU1e and Gram-ntgatWe. No spores 
arc dcvcioped. Granules may be seen jd ihe ceiJx The members 
are microaerophilic. Usually they arc paraJitie. 

ErysIpcCothrix RhusiopatWac. 37iis organism exists In two 
morphological types, probaWy smooth and lovsgb. The smaolb 
form shows small, slender, straight or slightly curved rods, 
0*8-2'0 microns by 0'3-0*4 micron, occurring singly, in small 
groups or in short chains. Cong chains of baci/ic aad hug 
interlacing filamentous forms characterise the rough type. The 
organism is non*moiilc, non-spoiing and Gram-positive. Deeply 
stained granules may he a prominent feature. 

The species is nnictoacrophiUc but may grow under aerobic 
as wcU as anaerobic conditions. Growth occurs even at room 
temperature, though the optimum temperature is 37® C Growth 
is improved by glucose and to a less extent by blood. The smooth 
form shows round, convex, small, water-clear colonies with 
smooth, glistening surface. 5n gelatin stab culture a line of growth 
occurs along the needle track, except at the surface, with lateral 
prolongations radiating from the central line of growth. Broth 
cultures show uniform turbidity. The colonies of the rough 


llen/rncj/, cntiKs a granutomafous 
MciIJosis. resemWins aclinonij-cc 
organism also grows in (he tissue 
the production of granules wblcb t 
than the granules of Aalmmyc 
tacUlus admomycelum comiimi, ha 
caused by Act. boAs (p. 588). 


BACILLUS— THE ANTHRAX BACILLUS 


595 


dying of anthrax, it was Kocb (1877) who, by reproducing the 
disease with a culture of the organism, proved conclusively its 
aetiological role in anthrax. He also described the organism. 
Obviously, this discovery of Koch must have contributed not a 
little to the development of bacteriology. It may also be men- 
tioned that one of the earliest attempts at active immunisation 
was also against anthrax by Pasteur. 

Ecology. The anthrax bacillus causes natural disease in 
cattle, sheep and other herbivorous animals and man and it is 
present m the lesions produced. Spores, as they remain viable 
for a long time, may be found in the soil, dust, wool and other 
situations. 

Morphology and Staining. They are large rods, 3 •0-9-0 
X I '5 microns, usually straight with a rectangular appearance. 
Long chain-formation in culture is a characteristic feature ; but 
what we usually see in tissues and blood are short chains of three 
or four, end to end pairs and singles. The spores are oval in 
shape and cquatorially placed, not bulging the mother cell. They 
are not formed in the host body as they require oxygen for devc- 
lopment. Germination of the spore is polar or very rarely equa- 
torial. The organism is capsulated in the blood, tissues and 
media containing serum. The anthrax bacillus is non-motile. 

The anthrax bacillus is easily stained by the ordinary coal-tar 
dyes, but spore and capsule require special methods of staining. 
Staining with a 1 per cent, watery solution of polychrome 
methylene blue brings out the capsule well (McFadycan). Quite 
apart from the presence of the spore, the organism often exhibits 
uneven staining. This is due to the presence of certain intra- 
cellular granules, composed of fat, volutin or glycogen. 5. anthra- 
cis is Gram-positive and non-acid-fast. 

Growth Reqairemeuts. B. anfhracis is an aerobe and facul- 
tative anaerobe. Molecular oxygen is necessary for sporulation 
and the optimum temperature for it is 25®-30® C. The optimum 
temperature for growth is 37“ C- with a range of 12'’-44® C. The 
anthrax bacillus does not need any special nutritional factors 
for growth; it will grow wxl! on all media. The addition of 
blood docs not improve growth. 

Cultural Characters. On agar colonies are irregularly round, 
raised, opaque with irregular, wavy bair-like edge and loughish 
surface, sometimes referred to as ^'Medusa head"; the whole 



CHAPTER XXXt 

BAOLlVS—THt ANTHRAX BAC1U.US 

The family Sacilkceae comprise a. vtry Jargs amber of 
spedes widely distributed in nature, producing cndosporc^ 
usually Gram-positive and, when motile, the flagcUa arranged ia 
a peritricbous fashion. On the basis of o;rygcn reguiremeat 
they are eiassiffed into hvo genera, the Bacillus or the aerobic 
forms and Chslndtwn which fnciurfes aJf (he anaerobic spore- 
forming bacilii. Most of the organisms are saprophytic, but a 
few are pathogenic. The tenn Bacillus., as here used, is in the 
special generic sense. Any rod-shaped organism may he cahed 
a bacillus and often the term is loosely employed in either sense. 
When used in the generic sense, the word begins with a capital 
letter. 

The Bacilli are /arge, aerobic, spore-bcarbg organisms, otlo 
growing in cnormousfy fong chains and foimiag rh/zoid colonic 
an solid media and loose Raltc-liJcc masses in liguid media, tb 
sparing does not considerably change the shape oF the mothn 
cell '•'> ' " •' ”* '* ’ ** " * *"'"‘'’•'' 1 r^w 

all • •■ ■■ 

is the only one that forms capsule. Jhe organisms oi ima 
are generally Gram-positive, displaying varying grades of posiiwty, 
but a few are frankly Gram-negative. Almost all the spt«« 
arc non-paihogenic ; B. anihracis is tie only human patbogef^- 
Others are frequently encountered as cooiazoiaaats in culture 
media. They arc widely distributed m nature, in air, soil, 
milh, dust, wool, faeces and other situations. The Type spt^ 
is Bacillus suhtilis. Other weH known species are Bacillus mesen^ 
rericus. Bacillus megatherium.. Bacillus mycoidcs and Badlhis 
vufgatus or the “potato bacillus". 

Badltas Anthracis. The anthrax bacillus has a special 
historic interest in that >1 was the first micfo-orgaoism to he 
definitely proved to be caMsaUy relaTfid to aa wfectious disease. 
Although others had seen it previoiisiy in the tissues of animals 
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dying of anthrax, it was Koch (1877) who, by reproducing the 
disease with a culture of the organism, proved conclusively its 
actiological role in anthrax. He also described the organism. 
Obviously, this discovery of Koch must have contributed not a 
little to the development of bacteriology. It may also be men- 
rioned that one of the earliest attwnpts at active immunisation 
was also against anthrax by Pasteur. 

Ecology. The anthrax bacillus causes natural disease in 
cattle, sheep and other herbivorous animals and man and it is 
present in the lesions produced. Spores, as they remain viable 
for a long time, may be found in the soil, dust, wool and other 
situations. 

Morphology and Staining, They are large rods, 3«t>-9'0 
X I*S microns, usually strai^t with a rectangular appearance. 
Long chain-formation in culture is a characteristic feature ; but 
what we usually see in tissues and blood are short chains of three 
or four, end to end pairs and singles. The spores are oval in 
shape and equatorially placed, not bulging the mother cell. They 
ate not formed in the host body as they require oxygen for deve- 
lopment. Germination of the spore is polar or very rarely equa- 
torial, The organism is capsulated in the blood, tissues and 
media containing serum. The anthrax bacillus is non-motUe. 

The anthrax bacillus is easily stained by the ordinary coal-tar 
dyes, but spore and capsule require special methods of staining. 
Staining with a 1 per cent, watery solution of polychrome 
methylene blue brings out the capsule well (McFadycan). Quite 
apart from the presence of the spore, the organism often exhibits 
uneven staining. This is due to the presence of certain intra- 
cellular granules, composed of fat, volutin or glycogen. B. anthra- 
cU is Gram-positive and non-acid-fast. 

Growth Requirements, B- anfhracis is an aerobe and facui- 
tative anaerobe. Molecular oxygen is necessary for sporutation 
and the optimum temperature for \t is ZS*-3Q® C. The optimum 
tcmpcralute for growth is 37® C. wilb a range of 12‘'-44® C. The 
anthrax bacillus docs not need any special ntiirilional factors 
for growth; it will grow well on all media. The addition of 
blood docs not improve growth- 

Cultural Characters. On agar colonies are irregularly round, 
raised, opaque with irregular, wavy hair-lilcc edge and roughish 
surface, sometimes referred to as ‘‘Medusa bead”; the whole 
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subcuUare. The 


t . . — •‘ “rr*-"* wu*4U5 ouotuiiurc. iflc 

fb, “''iniicnt. On gelalin, slab culture gives rise ti 

tnC SO'Cflllcd • t. _ 


the needle track with long lateral extensions at top which becomi 
shorter and shorter with increasing depth. In broth there is nc 
turbidity nor surface growth, but a white flocculent deposit i: 
formed. 


Biochemical Beaefions. ^cid without gas is formed io a 
few sugars, like glucose, saccharose and maltose ; lactose, manmte, 
dulcite, xylose and rhamoose are not fermented at all. Jadolc 
is not formed- Nitrates are not reduced. Little or no hydrogen 
sulphide is produced. Litmus milk is rendered slightly add 
followed by coagulation and peptonisation. The anthrax bacillus 
liquefies gelatin but slowly as against the rapid Hqucfactiofl by the 
antbracoid bacilli. Coagulated senira is also partially liqu^ed. 

Resistance. Vegetative forms are easily destroyed. Spores 
are very resistant, withstanding a temperature of 80® C. for half 
an hour. But they arc killed by boiling for tea minutes. Wh2: 
the vegetative forms arc killed by the gastric hydrochloric add, 
spores escape its destructive action. Of all the chemical genai* 
cides, the oxidising ones are more destructive to the spores, 
potassium permanganate in 4 per cent, concentration kills spores 
ia fifteen minutes and 3 per cent, hydrogen peroxide in one hour.* 
jyesiccation is not destructive to the spores, and when dry, they 
remain alive for years. Thus, infect^ wool, hairs, hides and 
dust may remain infective for many years. This is of great 
economic importance, for m tmtiiw such as the wool 

and leather industries, the contaminating spores have to be des* 
troyed from raw material before use. Spores also reraaia viable 
for many years in the soil, as long as twenty to thirty years. 

VarhtioB, When freshly isoUted and virukat, the colonics 
are rough. But after many subcultures, or by attenuation of 
virulence by artificial methods, moist smooth colonies are forwed, 
consisting of bacilU devoid of capsule and arranged in bundles 
without the characteristic chain formation of the rough type. 
Associated with this smooth wriation there is also loss of 

virulence (p. 345). ^ . 

When the organism is grown for a long time at a bigner man 
optimum temperature, 42‘--43«C., the result is ao attenuation of 
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the strain and the appearance of asporogenous variants. The 
change is a gradual one and intermediate forms with reference 
to virulence and colony formation arc seen. Similar changes 
arc also brought about by prolonged cultivation in the presence 
of dilute antiseptics. There appears to exist a much greater 
correlation between virulence and the capacity to form capsule 
than between virulence and the capacity to form spores. For, 
both spotC'forming avirulent strains and asporogenous virulent 
strains may be encountered (p. 332). 

Antigenic Structure. Two antigenic constituents have been 
definitely defined — a capsular antigen and a somatic antigen. 
The former, unlike the capsular antigen of the pneumococcus, 
consists of a protein-like substance which is most probably a 
polypeptide. It is a group-specific hapten. The somatic antigen, 
on the other hand, is a polysaccharide antigen. Each antigen 
reacts specifically nith the cotrespondiog antiserum. 

Toxin Production. No soluble toxin is known in the case 
of B. anthracis. Attempts to establish toxicity for the cell sub* 
stance have not been conclusive. Death is not due merely to 
mechanical causes, for it occurs even in the absence of great 
numbers of bacilli. The exact manner of pathogenesis still 
remains obscure. The virulence of the bacillus is m all likelihood 
dependent on capsule formation. The anthrax bacillus is highly 
invasive and the organism is probably protected by its capsule. 
The capsular substance may have also a specific anti-opsonic effect. 
Probably for these reasons, septicaemia is very common. In fact, 
anthrax, as in plague, illustrates strikingly that when the host 
resistance is feeble, the invading bacillus multiplies unchecked in 
enormous numbers throughout the body. In anthrax, no doubt, 
the capillaries ate often found to be mechanically blocked by 
masses of bacilli and death may be occurring also as the result 
uf capillary embolism, especially in the brain. 

Pathogenicity. The anthrax bacillus is highly pathogenic 
to animals and man. It causes spontaneous disease in the former 
and from them man gets the infection. Of the animals, the 
herbivorous animals are particularly susceptible. The carnivorous 
animals arc the most resistant, but epuootics among them have 
been reported. Birds, with the exception of sparrows, are resistant. 

Expcrimcaially mice, guinea-pigs and rabbits arc easily 
htfcctcd. A single virulent bacillus is said to be enough to kill 
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a whife mouse. Rats are quite resistant, both cawrallv a 
eipenmentally. Subcutaneous inoeuhlion of the organism ini 
a susceptibie animal is usoaily followed by death ia two day 
bevcro inflammatory reaction at the site of inoculation, gclalinot 
oedetna, profound septicaemia and enlarged soft diffluent spite 
are characteristic features^ The organista is found in larj 
numbers in the local lesions, heart blood and the viscera, pan) 
cularly the spleen. 


Anthrax among animals is present all over the world, hntii 
has greater prevalence in Russia and parts of Asia. Thcaaia 
victims are the herbivorous animals, especially cattle, shicp 
and goats, but the Algerian sheep is immune to anthrax. Hones 
and hogs may also be affected. Spread smoDg gni pials ocean 
through contaminated pasturage, artificial foodstuffs and rarely 
by biting flics, like Stomoxys, acting as porta! carriers. Thus, ia* 
fection enters mainly through the alimentary tract. The disease Is 
essentially septicaemic; the bacilli arc present in large nuabeM 
in the blood and are discharged in the saliva, urine and 
faeces. Extensive contamination of pasturage is therefore 
inevitable. Death occurs In two or three days. Post-raorttm 
examination reveals the presence of a dense bacillary populatioa 
of the blood and internal organs, especially the spleen which is 
enlarged, dark red, soft and diffluent. Ti is this last point that 
has given the name "splenic fever** to this disease. Masses of 
bacilli are found to clog the capillaries. The death rate varies 
between 75 and 100 per cent. 

As indicated above, roan gets the infection from some aiuJS" 
source, directly or indirectly. Anthrax is an occupational d{scs«> 
Jn the non-industrial type* shepherds, fanners, vet^nary sur- 
geons, butchers and others comag in contact with infectw 
carcases may themselves get infected. Another rare mode w 
transport of the infection is through infected shaving brush. Jo 
the industrial type the handling of wool, bristles, hides and skios. 
in such industries as tanning, harness making, etc,, may transfflu 
the infection to man. In these materials the anthrax spof« 
survive for very long periods. There are three clinical types, tbe 
cutaneous, pulmonary and alimentary, as determined by tw 


nottal of entry. , ^ 

InfecUott through the skin causes the cutaneous type, cam 
malignant pustule. This is the usual form in the non-iadusfns 


BAaiXUS— THE ANTHRAX BACILLUS 


599 


type. Pus fomation is not a conspicuous feature of malignant 
pustule which is also not very maUgnant. Hence this term suffers 
from descriptive inaccuracy. An indurated papule ■with central 
ncCTOsis and surrounding vesicles forms the main feature ; there 
may be oedema about the lesion. In fatal cases septicaemia super- 
venes. The death rate is relatively low, 10-20 per cent. \^^en 
the infection enters through the respiratory tract (with dust con- 
taining spores), pulmonary anthrax, called wool sorter’s disease, 
results. This is the usual industrial type. The seat of prima^ 
lesion is in the trachea or bronchi. It is really a malignant form 
with septicaemia and generalised infection. The fatality rate is 
practically 100 per cent. The intestinal type, which is the usual 
form in cattle and sheep, is very rare in man, but it is practically 
always fatal after a short scpticacmic course. Characteristic 
primary lesions of the intestinal mucosa are seen at autopsy. 
Obviously, consumption of food infected with spores is the cause. 

Immunity, The basis of the natural resistance against 
anthrax is obscure. The production of antibodies against the 
anthrax bacillus is not very conspicuous. In the artiSctal immuni- 
sation of horses it is slow and seldom attains a high degree. Asses 
respond better and antisera arc now prepared from them- 
Inoculation with antisera confers some degree of protection. 
The mechanism is probably phagocytic, in which the bacilli are 
sensitised by the antibodies. The presence of antibodies formed 
against the capsular substance may be important in determining 
the potency of an antiserum. Immunity may follow recovery 
from the disease, but it is of short duration and subsequent attacks 
tnay occur. 

Diagnosis. Anthrax is a notifiable disease in some countries 
and post mortem of the infected animal is illegal. The carcase 
is buried with lime well below the surface or incinerated. For 
diagnostic purposes an car is cut off and sent to the laboratory. 
The procedure adopted in the diagnosis of human anthrax is also 
applicable in the diagnosis of animal anthrax. 

In the case of human anthrax the vesicular fluid in the skin 
type, the sputum in wool sorter’s disease or blood, if septicaemia 
has developed, are the materials to be examined. Smears ore 
made from these, stained by riie Gram's method and examined 
for the presence of the bacillus. A positive result should not 
be taken as conclusive except in the case of malignant pustule. 
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a '"omfetioa of the organism' too 

a susceptible animal is usoaHy followed by death in tao &« 
Severe inflam^maiory reaction at the site of inoculation, gelatinous 
oeoema, profound septicaemia and enlarged soft diffluent splwa 
arc characteristic features. The organism is found in large 
numbers jn the local lesions, heart blood and the viscera, parti- 
cularly the spleen. 


Anthrax among animals is present all over the world, but it 
has greater prevalence in Russia and parts of Asia. Tiemafa 
victims are the herbivorous animals, especially cattle, sbeep 
and goats, but the Algerian sheep is immune to anthrax. Horses 
and hogs may also be affected. Spread among animals occurs 
through contaminated pasturage, artificial foDdsluffs and rarely 
by biting flies, like StomoxrSt acting as portal carriers. Thus, io- 
fection enters mainly through the alimentary tract. ThedisMseis 
essentially scpticaemic; (he bacilli are present in large numbers 
in the blood and are discharged in the saliva, urine aad 
faeces. Extensive contamination of pasturage is thwefort 
inevitable. Death occurs in two or three days. Post-mortem 
examination reveals the presence of a dense bacillary population 
of the blood and internal organs, especially the spleen which is 
enlarged, dark red, soft and dilHueat. Tt is this last point that 
has given the name "splenic fever" (o this disease. Masses of 
bacilli are found to clog the capillaries. The death rate varies 
between 75 and 100 per cent. 

As indicated above, mart gets the infection from some animal s 
source, directly or indirectly. Anthrax is an occupational disease. • 
Jn the flon-industrial type, shepherds, fanners, veterinary sw- 
geons, butchers and others coming in contact with infected 
carcases may themselves get infected. Another rare mode o 
transport of the iafecrion is through infected shaving brush. ^ la 
the industrial type the handling of wool, bristles, bides and skins, 
in such industries as tanning, harness raaJdng, etc., may transmit 
the infection to man. In these materials the anthrax spores 
survive for very long periods. There are three clinical types, the 
cutaneous, pulmonary and alimentary, as determined by the 


^^^^^InfectionTbrough the shin causes the cutaneous type, called 
mahgaant pustule. This is the usual form in th^on-industna 



BACILLUS-THE ANTHRAX BAOLLUS 


601 


cutaneous type. How it acts, is not known. The serum does 
not contain any antitoxin or bactericidal substances and exhibits 
only a very low agglutinin conlwit. 

Another usual, but non-specific, remedy is arsenic (N.A.B.). 
The results of treatment with the sulphonamides and penicillin 
are inconclusive. 

Prophylaxis. This may be resolved into general and special. 
General prophylaxis consists in the proper disposal of the dead 
animal (deep burial surrounded by lime or incioeration) and the 
prevention of infection by legislative, educative and other mea- 
sures. The disease should be made notifiable and the post- 
mortem examination of dead animals illegal. By the strict 
enforcement of the rules of industrial hygiene, the incidence of 
anthrax in factories can be greatly reduced or even abolished. 
Shaving brush from suspected sources should be adequately 
sterilised. The specific measures available at present arc not 
applicable to man but only to animals. Vaccination with killed 
anthrax bacilli has no immunising value. Hence, live attenuated 
vaccine is used to induce active immunity. Pasteur’s attenuated 
vaccine is the one in use. Attenuation is effected by growing the 
organism at a temperature between 42® and 43* C. It is true 
that there is no control over the extent of attenuation. The 
spotogenic capacity is also lost during the process. A 21-day 
attenuated culture is employed in 1 c c. quantity for the first dose. 
After 10-12 days a second dose of less attenuated culture, 12-day 
auenuated, is given. Immunity so engendered may last for one to 
two years. This procedure is quite useful but does not protect 
all animals. Pasteur’s high results have not been obtained by 
others. A combined vaccine and serum, serovaccinc, is also 
employed in some places for immunisation. 

Related Species. Organisms closely resembling the anthrax 
bacillus have been isolated from various situations. Such 
organisms have been frequently referred to as Bacillus anthra- 
coides or Bacillus pseudoanihracis The well known members 
we D. suhtilis, B. megar/ier/um, B, merenrcriCHS, B. mycoides and 
B. Mi/earur. They may be mistaken for the anthrax bacillus and 
so it is necessary to know the main dificreniial features between 
them. 

The anthrax bacillus is noa-motile, while most of (he sapro- 
phytic members are motile. The anthrax bacillus is capsulated. 
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byth?seroToltnI , 5 by its identification 

wU h “t> pathogenicity tests should then be proceeded 

do the pathogenicity test on the isolated organism as there can 
bo many morphologically identical, but harmless, organisms 
presen confusing the issue. It is done in mice or guinea-pigs, 
InstMd ol the isolated culture, straight inoculation subcutaneously 
of the infected material may also be resorted to. If the material 
is contaminated with other organisms, as it often will be, it is 
heated at 80^ C. for 20 minutes and inoculated. The infected and 
contaminated material may also be rubbed into the scarified skin; 
this however is not very satisfactory as the animal may die of 
other infection. In a positive case the animal develops anthrax 
and dies in two to three days, exhibiting the characteristic features 
mentioned above. 

Ascoli’s thermopreclpUin test is often valuable. This is done 
by extracting the infected materia! and employing the extract 
as antigen in a precipitation test with the immune serum. Two 
grams of the suspected tissue are macerated in 5c.c. of sterile 
normal saline, boiled for 5 minutes and filtered. The filtrate 
is then slightly acidified with dilute acetic acid. A column of 
it is introduced into a narrow test tube and the specific serum run 
along the wall of the tube. The formation of a white ring at 
the surface of contact indicates a positive result. Other serological 
reactions are of no help in diagnosis. 

The examination of shaving brush for the presence of anthrax 
spores may sometimes be called for. The bristles are cut into small 
bits with scissors and soaked in a fairly large volume of sterile 
salt solution or in a 3-5 per cent, solurion of caustic potash. The 
:onla\ner is shaken vigorously for some time and the pieces 
illowed to settle. The supernatant fluid is decanted and centn- 
uged. The sediment is then resuspended in a small volume of 
terile saline and heated at 80* C. for thirty minutes, in order to 
estroy the vegetative forms that may be present. Cultures are 
len made from this and further measures of identification are 
dopted as detailed above. The same procedure is followed for 
isting suspected wool and other materials. 

Treatment. Sclavo’s serum prepared from the ass is useful, 
is given in 50-100 c.c. doses intravenously or intramuscularly 
id repeated if necessary. The best results are obtained in the 
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CLOSTRIDIUM-THE SPORE-BEARING ANAEROBES 

This genus includes ail the anaerobic or mtcroaerophilic 
bacilli forming cndospores which alter the shape of the parent 
cell. Many of the species are motile by means of peritrichate 
flagella. A few are capsulatcd. All are GrMH-positive. 

Members of this genus are widely distributed in nature; 
they occur in the soil and the intestinal canal of animals and man. 
By faecal and soil pollution their spores get into dust, sewage, 
water and milk. There are two possibilities with regard to their 
permanent abode: they may be permanent denizens of the soil 
and their presence in the intestine is the result of consuming con- 
taminated food and drink ; alternately, their natural habitat may 
be the intestinal tract of animals and man and their presence in 
the soil is but a reflection of its faecal contamination. The 
balance of existing evidence is in favour of the former view. 

Chstridim coQtaias most of the important putrefying agents 
in nature, which lead a saprophytic existence, breaking down 
complex dead organic bodies into simple compounds readily 
utilisable by the higher forms of life. Thus, they play an im- 
portant role in the economy of nature. Though saprophytic, 
many speaes are causally related to several human and animal 
diseases, producing very powerful soluble toxins. Such arc 
Cloitridium teiani, Clostridium sfpiicum, Clostridium vielchii, 
Clostridium r\o\yi {oedematiens), Clostridium histolyticum, Clos- 
tridium chawoei and Clostridium botutmum. Besides these, scores 
of saprophytes have been described, but most of them have been 
only incompletely studied. 

In general, their power of invading the body is very Umited 
and certain conditions, like the presence of traumatic injury, arc 
essential before infection can be established. Cl. botuUnum is 
altogether Incapable of causing infection. Cl. tetofli, though 
able to set up local infection, has no invasive powers. Without 
tome traumatic injury or exposed raw focus, the gas gangrene 


602 


A TEXTBOOK OF BACTERTOLOGy 

whereas capsulation is not a feature of most of the other racmbtis. 
♦Vhxle the anthrax bacillus grows in long chains and in the {a* 
verted fir tree fashion in gelatin stab culture, the saprophytes do 
not exhibit these features. The anthrax bacillus liquefies gelatia 
slowly, while the others do it rapidly, anihracis alone is 
pathogenic to laboratory animals. But it may be rcmcmbCTtd 
that if these animals arc iojected with any of the anthracojd 
bacilli in massive doses, it may cause inflammation and oedans, 
though of a mild grade, with multiplication of bacilli, and their 
finding, in the tissues. Ascoli’s precipitation test is positive ia 
the case of the anthrax bacillus but negative in the case of others. 

B. sublilis, or the hay bacillus, is found in hay, dust, isiQ:, 
soil, water. It is 3-4^ long, with rounded ends and occurring 
in singles or short chains. Jt is actively motile by means of peri* 
trichate flagella. It is noo-capsulated. The spores are oval sad 
central or subtermioal in position. Slight swelling of the tod 
may be noticed on raaturatiott of the spore. The orgaoism Is 
Gram*pos(tive. ft grows freely on ordinaiy culture media,* ia 
fact, it is a frequent contaminant of these. Acid is produced k 
glucose, saccharose, maltose and salicin. No indole is formed. 

B. subtilis is generally non^pathogenic. It has been reported 
from cases of conjunctivitis and other inflammatory conditions 
of the eye. In run down conditions it may even invade the blood 
stream. 



CHAPTER XXXn 

CLOSTRIDIUM- THE SPORE-BEARING ANAEROBES 


This genus includes all the anaerobic or microaerophilic 
bacilli forming endosporcs which alter the shape of the parent 
cell. Many of the species arc motile by means of peritrichate 
0agclla. A few are capsulated- AH are Gram-positive. 

Members of this genus arc widely distributed in nature; 
they occur in the soil and the intestinal canal of animals and man. 
By faecal and soil pollution th^ spores get into dust, sewage, 
water and milk. There are two possibilities with regard to their 
permanent abode: they may be permanent denizens of the soil 
and their presence in the intestine is the result of consuming con- 
taminated food and drink; alternately, their natural habitat may 
be the intestinal tract of animals and man and their presence in 
the soil is but a reflection of its faecal contamination. The 
balance of existing evidence is in favour of the former view. 

Chstridixan contains most of the important putrefying agents 
in nature, which lead a saprophytic existence, breaking down 
complex dead organic bodies into simple compounds readily 
ulilisablc by the higher forms of life. Thus, they play an im- 
portant role in the economy of nature. Though saprophytic, 
many species are causally related to several human and animal 
diseases, producing very powerful soluble toxins. Such are 
Clostridium ietani, Clostridium sepUcumy Clostridium welchii, 
Clostridium noyyi {oedematlens), Clostridium histolyticum, CIos- 
tridium chauvoei and Clostridium hotuUrtum. Besides these, scores 
of saprophytes have been described, but most of them have been 
only incompletely studied. 

In general, their power of invading the body is very limited 
and certain conditions, like the presence of traumatic injurj', are 
essential before infection can be established. Cl. botulinum is 
altogether incapable of causing infection. Cl. teianl, though 
able to set up local infection, has no invasive powers. Without 
some traumatic injury or exposed raw focus, the gas gangrene 
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bacilli are raaWe to gain a roothold info the body, but 
once they gam entry and establish infection, they display vatrisr 
degrees of invasive powers.' v i j ^ 

Classification. These organisms Bad been recognised ifr 
the early workers. But owing to the inherent diSjcuJties of 
cultivating and isolating them in pure culture, their studies were 
very incomplete and the results inaccurate. Inevitably, therefore, 
their investigations did not lead to the development of a correct 
nomenclature or sound classification. During the war of 1914-lS, 
considerable advances were made in our knowledge reiardisg 
these organisms. As a result, these organisms were brought 
under some sort of stable classification. As more precise know- 
ledge accrues it may become necessary to alter this. 


TABLE XIX 


Classification of ibe Important Species of Clostndis 


Position of 

Both prateolyticafld 
saccharoijrtic 

Slightly 

proteolytic, 

Sjccha/ohlJc, 
not proteolyttc 

spores 

PredominaDtly 

proteoljrtic 

PfedonuDsnJl/ 

saccharol>lic 

not 

sacchsrolytic 
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sulphur. The process of protein digestion is carried further to 
the production of amino adds, and tyrosine crystals frequently 
appear as feathery processes round the meat particles of the 
medium. The saccharolytic type grows luxuriantly and rapidly 
in carbohydrate media, produdng large amounts of volatile acids 
and abundant gas. When the medium contains both carbo- 
hydrates and protein as in the meat medium, meat is not digested 
but is coloured pink by the acid. The proteolytic and saccharo- 
lytic properties, however, are not mutually exclusive. While the 
proteolytic ones are predominantly proteolytic, they may also 
possess saccharolytic properties in a less degree and the sacchato- 
lytic ones, on the other hand, may also be weakly proteolytic; for 
example, Cl. welcbii, a saccharolytic member, produces during 
^growth Small amounts of amino acids in addition to acid and gas. 

Clostridium Tctanl. The tetanus bacillus was discovered by 
Nicolaier in 1884 in materials obtained from mice and other ani- 
that had died of experimental inoculation with soil. But 
it was not till 1889, when Kitasato succeeded in isolating it and 
lepioducing the disease with pure culture in experimental animals, 
that its causal role in tetanus was established. The same worker 
also demonstrated that the tetanus bacillus did not enter the 
blood stream but remained confined to the primary lesion from 
which it set up the characteristic intoxication known as tetanus. 
It was again the epoch-making work of Behring and Kitasato 
(1890) with tetanus and diphtheria antitoxins that laid the founda- 
tion of serum therapy. 

Ecology. The organism is present in the soil, especially 
manured cultivated soil, and in the alimentary canal of certain 
herbivorous animals and mao. In man it is probably an organism 
of passage. Whether the organism thrives as a saprophyte in the 
soil or whether its primary habitat is the intestine of animals, 

» still unsettled. 

Morphology and Staining. Th^arerods,0. 4-0-6 X 4. 0-8.0 
microns, straight, round ended: usually arranged singly, but 
pairs, chains, shorter forms and long filamentous forms may all 
oe swn. The tetanus bacillos is sluggishly motile with 20-30 
pcritrichous flagella. The spores are spherical, terminal and 
aree or four times broader than the mother cell, the whole stru- 
cture thus prcscniing the characteristic drumstick appearance, 
he organism is non-capsulatcd, Gratn-posiUvc and non-acid-fasi. 



m 


A TEXTBOOK OB BACTERIOLOGY 


® ■«» body, m Ui 

octrees of invasjve powers. ’ ^ j j 

OassIBcafioa. These organisms Iiad teen reco|D!S«f b 
the early worte. But owing to the inherent difficuiOes c 
cuJtivat/ng asd isohtmg them in pure cnijure, their studies wer 
very mcomplete and the results inaccurate. InevUaWy, thetthn 
their investigations did not lead to the development of a cortcc 
nomenclature or sound classification. During the war ef DJ4-18 
considerable advances uere made in our knowledge rcgardiSj 
these organisms. As a result, these organisms were brough 
under some sort of stable classifiotion. As more precise ice*- 
ledge accrues it may become necessary to alter this. 
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Ciassification of f&e ImportaD} Speciesof Clostridia 
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Resistance, Vegetative forms are readily destroyed by 
adverse agencies, but spores are very resistant, withstanding the 
tcmpcTaturc of boiling water for 15-90 minutes. Moist heat at 
120” C. destroys them in 20 minutes. Tetanus spores withstand 
dry heat at 150” C. for one hour. Five per cent, phenol destroys 
them in fifteen hours and 1:1,000 pcrchlotide in two to three 
hours. 

Antigenic Stnicture. Cl. tetani is antigenicaUy heterogeneous. 
On the basis of agglutination reaction, a number of serologically 
different types, at least ten, have been defined. The toxins pro- 
duced by these various types arc itomunologically identical and 
the toxin of any type will be specifically neutralised by antitoxin 
prepared against any other type. But agglutinins and opsonins, 
specific to each type, are present in antibacterial sera. Types 
I and ni are the commonest in Brilian ; there is no definite 
knowledge about the type prevalence in this country. 

Toxin Prodoctlon. Cl. lefani produces a powerful soluble 
toxin. It consists of two moUies: tclanolysin and lelanospasmifl. 
It is on the latter that the pathogenidty of the organism depends; 
the former does not seem to play any significant part in patho- 
genesis. There are atoxic and avirolent strains of tetanus bacilli. 
Such strains may produce the baemolysin but not the teiano- 
spasmio. As noted above, different types of tetanus bacilli 
produce the same kind of toxin. The tetanus toxin is highly 
antigenic and gives rise to an antitoxic scrum of high potency. 

The toxin is prepared by growing the organism in broth for 
5-14 days and then filtering off the bacilli by the Berkefcld, 
Chambcrland or any other bacterial filter. It is a very virulent 
poison. Even a dose of 0*0001 ml. administered parcntcrally 
will kill a mouse, the animal dyingwith characteristic symptoms. 
Weight by weight horses are twelve times and guinea-pigs six 
tiroes more susceptible than mice. The toxin is not toxic on 
feeding. Apparently, it is not absorbed from the gut; it may 
be also destroyed by the gut contents; the proteolytic enzymes 
readily destroy it. It is highly susceptible to heat, light, acids 
and alkalies. Heat at 65* C. destroys it in five minutes. If dried 
nud preserved in the vacuum and in the dark at 5” C., it will keep 
unchanged for two years or more. The tetanus toxin is rendered 
atoxic by the action of formaldehyde. Toxin mixed with 0-3- 
0*4 per cent, formalin and incubated**! 37” C. for several weeks 
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a /«OT/ is a strict anaerobe -n 
opttmum temperature is 37“ C. and the ranje is I4”-43” 
Spore-foraarion ts delayed for a week or more at room 7™e 
lure, whereas at 37“ C. it comraences in two days. Thetetanu: 
baedlus grows fatriy well on the usual laboratory media; Wooc 
as welt as serum improves growth. Its nutriiional requireaentj 
are rather complex, requiring many amino acids and vitamiic 
When grown on synthetic media. 


^Iturat Characters. Cl. teUmi grows on ordinary media 
provided the suitable gas phase is ensured. But it grows rather 
slowly and takes about 3-^ days for good growth. On agar 
plate irregular, round, greyish colonies are formed with ill' 
defined edge, showing filamentous curly projections. The surface 
IS granular and shows a brownish, raised central area and a 
surrounding thin colourless periphery. The colonies are butyrous* 
in consistence and emulsify easily. 3f the water of condensaties 
of an agar slope is inocualtcd, the orgauism grows up the slope 
spreading almost to the top in 24 hours by means of fcaliety or 
fern like offshoots. On this character depends Rides' mettod 
of isolation of the organism. On agar stab culture, except Mar 
the surface, growth occurs as a white streak along the needle 
track. Lateral branches then develop from the central stem. 
They arc shorter towards the surface, giving the so-called “fir 
lice” appearance. The same occurs in gelatin stab, but in a 
few days the fir tree appearance disappears owing to the lique- 
faction of gelatin. An agar shake culture shows the upper one 
inch entirely devoid of any growth. Below this, scattered fluffy 
colonics arc formed, more numerous in the deeper reaches. If 
glucose also had been, added to the agar, as is usually done, slight 
amounts of gas are formed, which disrupt the medium. Growth 
in broth renders it slightly turbid and gives rise to the fonnatioa 
of a moderate amount of granular deposit. In the cooked 
medium, the organism grows well and may effect in course of 
time very slight darkening of meat. 

Biochemical Reactions. Ihe tetanus bacillus ferments no 
carbohydrate and it has only weak proteolytic activity. Ind^e 
is formed. Litmus milk is not changed or very slowly chan^ 
with slight precipitation of casein. Nitrates are not reduced, 
hydrogen sulphide is formed. A haemolysin is produced. 
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develop suddenly after an operation, perhaps on some other 
part of the body. Circumstances like these probably explain 
the occurrence of what is called idiopathic tetanus. All these 
observations tend to show that infection does not always lead to 
the immediate development of tetanus. Aside from the implanta- 
tion of the spores, certain conditions are also necessary to 
determine infection, the most important being the presence of 
a suitable gas phase at the site of infection, without which 
spores will not sprout. 

As mentioned above, the common method of infection is 
through wounds contaminated with soil, such as compound 
fracture, penetrating wounds, war wounds and the like. Soil, 
small splinters, pieces of rags and similar materials cause irrita- 
tion and local devitalisation of tissues. These dead tissues form 
the ideal pabularo, affording the low oxygen potential necessary 
for the germination of spores and the multiplication of the 
microbe. Badly lacerated wounds are specially suitable for this 
process to take place. The low oxygen tension of the dead and 
dying tissues is further reduced by the aerobes not infrequently 
associated with tetanus Infection and found flourishing in such 
wounds. Among the poorer classes of this country the first aid, 
or even ail the aid at times, is rendered often by the application of 
cow dung, soil or dry rags, quite manifestly a very dangerous 
practice. 

Howsoever the infection might be transmitted, the implanted 
I spores sprout when the conditions arc favourable and the organism 

i multiplies rapidly, liberating toxin. Remarkably few organisms, 
it has been noted, are enough to start disease. Other associated 
organisms may also liberate their toxic factors. The infection 

I is strictly confined to the primary focus and tetanus is essentially 
an intoxication. Toxin that is formed and set free is absorbed 
and taken finally to 'the central nervous system on which it 
i selectively acts, giving rise to the characteristic symptom com- 
,1 plex of the disease. 

; ^ Ilow exactly tetanus toxin is absorbed from the site of 

; infection and transmitted to Ihc central nervous system, is by no 
mmns definitely known. Several routes are possible. It may be 
f ^‘o^tbed by the end-organs of the motor nerves and carried 

, U{m’ards by the axis cylinder process to the focal anterior horn 

, cc 1$ and thence disseminated to other homologous cells. And 
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becomes non-toxic, 5~)0c.c. of the product proving harmless lo 
the guines-pi^-. This plain toxoid is predpitated with 3 per cent, 
alum and the precipitate is washed and resuspended in stcnie 
normal saline. This is alum precipitated toxoid. 

Pathogenicity. The organism is naturally pathogenic to mo 
and animals and exp^simentally to mice, guinea-pigs and rabhits. 
Birds arc resistant ; their brain cells are unable to fix the toxin. 
The clinical picture of the disease in animals is similar to Ihat 
in man. Neither the iarected man nor animal is usually cob- 
cemed with the transport of the infection. 

Tetanus. Tetanus badlli and their spores occur widely 
distributed in nature and yet the incidence of the disease is rela- 
tively low. Though the disease is universal in distribution, it h 
more common in the tropics. It is through the introduction of 
the spore form into the tissue that infection results. 
transmission may take place in a variety of ways, the chief 
is through contamination of wounds or raw surfaces with spw 
containing soil. Dlicr methods =« "‘"'“S’’ " 
infected gelatin, use of contaminated catgut, drags lAe 
vaccine lymph as a complication in septic 
media or through the umbilical cord tn '>>' 
tetanus bacillus is often found in 

following surgical operations jnvolwng lie gut is eseeeU gs 

The mere implaolalion of spores is 

disease. As in gas raS pratab y the O-si*' 

introduced into living tissue do not sprout, prooa y 
don-reduction potential of the mtaet Imng i 
permit the sprouting of the pans of te 

by the phagocytes and With the ad.ent 

such spores may rema.n f operatian causing 

they germinate and the organism cermmste. Some- 

aseptic wounds, may heal wKtoat 

times a wound, the infection lies donnan' 

ifthe Ifter several' weeks or months tetanus nusht 
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develop suddenly after an operation, perhaps on some other 
part of the body. Circumstances like these probably explain 
the occurrence of what is called idiopathic tetanus. All these 
observations tend to show that infection does not always lead to 
the immediate development of tetanus. Aside from the implanta- 
tion of the spores, certain conditions are also necessary to 
determine infection, the most important being the presence of 
a suitable gas phase at the site of infection, without which 
spores will not sprout. 

As mentioned above, the common method of infection is 
through wounds contaminated with soil, such as compound 
fracture, penetrating wounds, war wounds and the like. Soil, 
small splinters, pieces of rags and similar materials cause irrita- 
tion and local devitalisalion of tissues. These dead tissues form 
the ideal pabulam, affording the low oxygen potential necessary 
for the germination of spores and the multiplication of the 
miciobe. Badly lacerated wounds are specially suitable for this 
process to take place. The low oxygen tension of the dead and 
dying tissues is further reduced by the aerobes not infrequently 
associated with tetanus infection and found flourishing in such 
wounds. Among the poorer classes of this country the first aid, 
or even ail the aid at times, is rendered often by the application of 
cow dung, soil or dry rags, quite manifestly a very dangerous 
practice. 

Howsoever the infection might be transmitted, the implanted 
spores sprout when the conditions arc favourable and the organism 
multiplies rapidly, liberating toxin. Remarkably few organisms, 
it has been noted, are enough to start disease. Other associated 
organisms may also liberate their toxic factors. The infection 
is strictly confined to the primary focus and tetanus is essentially 
an intoxication. Toxin that is formed and set free is absorbed 
and taken finally to the central nervous system on which it 
selectively acts, giving rise to the characteristic symptom com- 
plex of the disease. 

How exactly tetanus toxin is absorbed from the site of 
infection and transmitted to the central nervous system, is by no 
means definitely known. Several routes arc possible. It may be 
absorbed by the end-organs of the motor nerves and carried 
upivardi by the axis cylinder process to the focal anterior horn 
cells and ihcncc disseminated to other homologous cells. And 
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becomes non-toxic, 5-10 c.c, of the prodcct proving iiaraless to 
the guifiea*pi^. This pJain toxcid is precipitated with 2 per cent, 
alum nnd the precipitate is mshcd and resuspended in sfenlc 
normal saline. This is alum precipitated toxoid. 

Pathogenicity, The organism is naturaUy pathogenic to luan 
and animals and experimentaliy to mice, guinea-pigs and rabbits. 
Birds are resistant; their brain cells are iinaWe to fix the tom. 
The clinical picture of the disease in animals is similar to that 
in man. Neither the infected man nor animal is usually cob* 
cemed with the transport of the infection. 

Tctumis. Tetanus bacilli and their spores occur nicely 
distributed in nature and yet the incidence of the disease is reb* 
lively hw. Though the disease is universal in distributioD, it is 
more common in (be tropics. It is through the jntrcductloD oi 
the spore form into the tissue that infection results. Though 
transmission may take place in a variety of ways, the chief method 
is (brougb cofilaminatioQ of wounds or raw surfaces with spore* 
containing soil. Other methods are through administral^n of 
infected gelatin, use of contaminated catgut» drugs lihe guimw er 
vaccine lymph, as a complication in septic abortion or in ohW 
media or through the umbilical cord in ibeinfent. JM 
tetanus bacillus is often found in the bu»nn intestme. ictam 
following surgical operations involving ihe gut is excwdiagiy 

""'Tbs mere implantation of spores is 

disease. As in «as gatiffene. spores , (hens*- 

introdneed into iieiflg too high to 

(ion-reduction potential of Ihe ininst !w»2 t' jneiilW 

permit the sprouting of the tetanus spore.. y 

by (be phagocytes end taten ;'^^“ '’y'''/\vi!b the advert 
Such spores nay remain alive for a long time. . 

iriri”’'’ aS seyml tye^s’or "teS^ tnigbt 
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Immunity. The immunity ' conferred by one attack is 
low and of short duration. Subsequent attacks have been 
reported. ' Active immunisation- is relatively easy to induce. 
There is little evidence to show that man or animals may become 
actively immunised as a result of an intestinal carrier state. 

Diagnosis. • It is by no means easy to establish a bacterio- 
lo^cal diagnosis of tetanus. The number of organisms present 
in the lesion may be very few; the organism is strictly anaerobic 
and practically always there ate concomitant organisms, both 
aerobic and anaerobic, spore-bearers and non-spore-bearers. All 
these factors render cultivatiort and isolation laborious and pro- 
longed. The isolation of the organism is also rendered extremely 
diificuH from the fact that the spores of difTercDl species tend to 
stick together. 

Microscopic examination of materials obtained from the 
v.'ound may be attempted. The discovenng of tetanus baralli 
in the wound is but rarely successful. It should be remembered 
that the presence of the characteristic, drumstick-shaped, spore- 
bearing bacilli does not establish the diagnosis, as other organisms 
morphologically similar but non-pathogenic, like CL tefano- 
tnorphunx, may be present. Hence, further investigations are 
essential. 

' ^ Owing to the above mentioned complexities, the isolation 

I of B pure culture of the organism is an unusually difficult piece 
of work. For cultivation any of the anaerobic methods may be 
^ployed.' Before inoculation the material is suspended in some 
sterile saline, heated .at 80“ C. for lD-15 minutes to destroy all 
'’egciative forms and inoculated on agar plate for isolation, 
^ternately, the untreated roatenal is inoculated into Robertson’s 
cooked meat medium and after 2-3 days of growth, the culture 
I is healed at 80“ C. for 20-30 minutes and plated for isolation. 
Repeated plating may be necessary. Fildes' method is relatively 
simple and yields satisfactory results (see above). The identifi- 
cation is then made by the study of the biochemical charecters' 
by serological methods. Even this may not be conclusive 
a virulence test may become necessary to establish the 
diagnosis. 

Virulence Test. ' The virulence twt is usually done on mice 
or guinea-pigs. Either a suspension of the material removed 
from the primary focus or a pure culture after isolation is used 
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a small fraction may also gain entrance into the ciroilation to Ik 
lATOise dealt with by the motor end-plates in’ other parts of the 
D y. This mode of absorpiJon by the end-plates seems to be 
Ihc most probable way. A cut motor nerve end does not seem 
to absorb the toxin. The intact sensory nerve also is not capable 
of absorbing and carrying up the toxin. According to this view, 
the time taken by the toxin to travel up the spinal centres repr^ 
scats most of the incubation period. A second possible route is 
via the lymphatics into the circulation, the blood supply finaHy 
delivering the toxin into the susceptible brain (issue. Suggestion 
has also been made that the toxin may be absorbed into the eado- 
neural and perineural lymphatics and carried to the subarachnoid 
cavity. But there is no ei’idencc that these lymphatics drain into 
the subarachnoid cavity. 

Tetanus toxin has a remarkable affinity for the cells of the ' 
central nervous system, as proved by the experimerns of Wisssef* 
mann and Takkaki who showed (hat toxin mixed with brain matter 


can be inoculated into a susceptible animal without causing any 
untoward e/Teci. Their experiments also demonstrated the cape 
city of the brain cells to fix the toxin in vitro. The nerve cell; 
of the susceptible animals fix the tetanus toxin. Only after sucl: 
intracellular fixation can the toxin act. The nervous system ol 
the naturally immune animals and birds, on the other bamt 
lack the capacity to fix the tetanus toxin. In them the circulating 
tetanus toxin is destroyed by the tissues. In the susceptible 
species (he fixed toxin acts upon the nerve cells, setting up irrita- 
tion and eventually death. Hence, when once the toxin hs 
beeiT fixed in the cell, the circulating antitoxin cannot readily 
neutralise it. It is niartifest» therefore, why the adminislratioa 
of antitoxin is not of much value when symptoms have declared. 

The position and nature of the wound are 'also of sonJ^ 
importance in determining the incubation period and clinical 
severity of the disease. The nearer the wound to the head, the 
shorter the incubation period and severer the disease. The greater 
the laceration of the parts, the more serious the disease- The 
incubation period of tetanus is 3-2/ days, may be longer up 
to fifty or more days. The mortality rate is very high, ranging 
from 80-90 per cent.; it exhibits an inverse relationship to the 
incubation time, the longer the incubation period the greater the 

chances of survival. 
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Immwiity, The immunity conferred by one' attack is 
low and of short duration. Subsequent ' attacks have been 
reported. Active immunisation' is relatively easy to induce. 
There is little evidence to show that man or animals may become 
actively immunised as a result of an intestinal carrier state. 

Diagnosis. It is by no means ea^ to establish a bacterio- 
logical diagnosis of tetanus. The number of organisms present 
in the lesion may be very few; the organism is strictly anaerobic 
and practically always there are concomitant organisms, both 
aerobic and anaerobic, spore-bearers and non-spore-bearers. All 
these factors render cultivation and isolation laborious and pro- 
longed. The isolation of the organism is also rendered extremely 
difficult from the fact that the spores of different species tend to 
stick together. 

Microscopic examination of materials obtained from the 
wound may be attempted. The discovering of tetanus bacilli 
in the wound is but rarely successful. It should be remembered 
that the presence of the characteristic, drumstick-shaped, spore- 
bearing bacilli does not establish the diagnosis, as other organisms 
morphologically similar but non-paihogenic, like Cl tetano- 
ttorphum, may be present. Hence, further investigations are 
tsstntial. 

Owing to the above mentioned complexities, the isolation 
of a pure culture of the organism is an unusually difficult piece 
of work. For cultivation dny of the anaerobic methods may be 
ctnployed.’ Before inoculation the material is suspended in some 
sterile saline, heated at 80® C. for 10-15 minutes to destroy all 
vegetative forms and inoculated on agar plate for isolation. 
AUemately, the untreated material is rnoculated into Robertson’s 
cooked meat medium and after 2-3 days of growth, the culture 
is heated at 80® C. for 20-30 minutes and plated for isolation. 
Repeated plating may be necessary. Hides' method is relatively 
simple and yields satisfactory results (sec abosc). The identifi- 
cation is then made by the study of the biochemical charecte'rs' 
and by serological methods. Even this may not be conclusive 
and a virulence test may become necessary to establish the 
diagnosis. 

Virulence Test. The virulence test is usually done on mice 
Or guinea-pigs. Either a suspension of the material removed 
from the primary focus or a 'pure culture after isolation is used 
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for inoculation, .Where possible, 'Ae-pure culture method is to 
be preferred, as it is more reliable. Though the symptoms of 
tetanus in animals are characteristic, it is more trustworthy to 
include a control. The control animal receives previously, a 
protective dose of tetanus antitoxin. The suspended material is 
inoculated subcutaneously into both animals. The unprotected 
animal develops the disease showing characteristic spasms and 
dies in about one to four days, while the protected one rcmaic! 
unaffected. 


Treatment. The therapeutic value of tetanus antisenffl may 
not be great. The antitoxin cannot repair the damage done 
by toxin. Direct contact is necessary for the antitoxic serum 
to neutralise the toxin. While, therefore, the antitoxin tvill 
neutralise any circulating toxin, it will not touch the all- 
fixed toxin which is really the disease-causing portion. Though 
the nervous tissue of mammals has a great aifinity for toxin, 
it has not the same for antitoxin and so the latter docs not 
find easy access into the cells wherein the toxin has already been 
lodged. Hence the importance of giving antitoxin as 
possible and its futility when once symptoms have dotloped. 
Every hour of delay lessens the chances of recoveiy, Antitoxm 
has no effect on the organism or its spore. • 

Though there is no definite evidence to prove the curau« 

usefulness of antitoxic serum, Jthas, nevertheless, to be gn-cn a 

whatever stage the case is seen. If the case is senous, 
have to be given throagh all the three ‘ “ 

venous and mtranntseular, and repeated if ° 1 

depends upon the condition of the 
about the same dosage as adults. A dose of 20,«)(M ■ 
national units may be employed, depending upon 
of the case. Large doses, up to 200.000 units, given inlraspmUy, 
have been dainied to yield greater s“<w:ss. .;,j 

Antitoxin is prepared by unmunising 
toxoid and later with toxin ft is to 

to the international unit of antitoxin. ^ ™ to 

mtnimiim Quantity of antitoxic serum required to pr 
lTfr“nu?nea-pig of 350 grams weight for 96 hours when niP^ 
h Tm ML a of toxin and injected subcutaneously. 
p-^Jure is’-the same as in Uic ™ f .ff S^gSX 
(a 525). The antitoxin is contained in tne pscuoos 
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fraction and is concentrated as in -the case of diphtheria antitoxin 
(p. 530). 

Prophylaxis. Antitowc scrum • is of undoubted value in 
prophylaxis, as proved during the 1914-18 war The disease 
may be averted or, at least, the incubation period may be pro- 
longed and the disease rendered very mild and more amenable 
to treatment. A dose of 3,000 units should be given intra- 
muscularly immediately the patient is seen and before any surgical 
measures are started. It should be repeated once or twice at 
weekly intervals if the wound is not healing properly. A portion 
of the serum may with advantage be injected around the wound. 
Surgical care of the wound, including full excision of aU-dead 
tissue, is very important. Cauterisation should never be done. 
As a precautionary measure, 15,000 units of antitoxin may be 
given Iwpi days before certain operations like the removal of 
foreign bodies or sequestra. Passive immunity wears out in 
two to three weeks. Hence, it should be reinforced by active 
immunisation. For active immunisation against tetanus formo- 
Used alum toxoid is now used as it is superior to plain toxoid in 
its Immunising quality. Two doses of i c.c. each, administered 
intramuscularly at an interval of 6-8^‘ weeks, are followed hy 
better results than three ‘doses of plain toxoid. This is reinforced 
by one more dose after about nine months to a year. The 
immunity developed does not last longer than one or two years. 
Mass iniraunisatiou against tetanus may not find a place in civil 
practice, but in the military it is compulsory. There is now a 
tendency in civil practice for the combined immunisation with 
tetanus and diphtheria toxoids. 

Clostridinm Welchli (Clostridium porfringens). Though first 
cultivated by Achelme, the full description of the bacillus was 
given by Welch and Nuttall m 1892. who isolated it from the 
organs of a cadaver and called it BacUlia aerogenes capsulatus. 
It is the commonest'causc of gas gangrene. 

Habitat. Cl. welchli is found in the soil, sewage, water, milk 
and dust. It is normally present in the large intestine of roan 
and animals. Ante-mortem invasion of the viscera and blood 
by this bacillus is a common occurrence. The organism is pre- 
sent in the natural lesions in man and animals. 

Morphology. Cl. welchllh a short thick bacillus, 4-8 microns 
long and l-O-l-S microns in diameter, li has square or round 
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for mocahtion. .Where possible,, the^pute cuUute method is to 
Be prefemd, as it is more reliable. Thoupb the symptom of 
tetanus in animals are characteristie, it is mote uustmnly to 
Jflc ude a control. Tlze- control. aaimal receivw previously a 
protective dose of tetanus antitoxin. The suspended material is 
inocu/ated subcutaneously into both animals. The unprotected 
animal develops the disease showing characteristic spasms and 
dies in about one to four days, white the protected one rcmijis 
unaffected. 

Trealmenf, The therapeutic value of tetanus antisenim may 
not be great. The antitoxin cannot repair the damage done 
by toxin. Direct contact is necessary for the antitoxic serusi 
to neutralise the toxin. White, therefore, the antitoxin wH 
neutralise aay circulating toxin, it will not touch the ceU* 
lixed toxia which is really the disease-causing portion. Thou^ 
the nervous tissue of mammals has a great affinity for toxin 
it has not the same for antitoxin and so the latter does ao 
find easy access into the ceils wherein the toxin has already b«« 
lodged. Hence the important of giving amitoxiD as eat^ as 
possible and its futility when once symptoms have developed. 
Hvery hour of delay lessens the chances of recovery. Antitoxin 
has no effect op the oTganism or its spore. 

Though there is no definite evidence to prove the curatV»« 
usefulness of antitoxic serum, it has, ueverthetess, to be given st 
whatever stage the case is seen, if the case is serious, large dos« 
have to be given through all the three routes-~iniraspinal, iwra* 
Venous and intramuscular, and repeated if necessary. The dosaje 
depends upon (he condition of the patient. Children requite 
about the same dosage as adoUs. A dose of 20,000--40,000 inter- 
national units may be employed, depending upon the seriousness 
of the case. Large doses, up to 200,000 units, given iotraspinaily, 
have been claimed to yield greater success. 

Antitoxin is prepared by imrauaising the horse first vnia 
toxoid and later with toxin. St is standardised with reference 
to the international unU of antitoxin. This is five times wt 
minimum quantity of antitoxic semai required to preserve 
life of a guinea-pig of 350 grams weight for 96 hours when 
with lOOMX.D. of toxin and injected , subcutaneously. The 
procedure is the same as in the assaying of diphtheria ancimtn 
(p. 52S>. The antitoxin is contained in (he .pseudogtehuliQ, 
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from natural diseases' of lower animals^ Type B from lamb 
dysentery. Type C'from a disease of sheep Jenown as “struck” 
and Type D.’the organism that is associated ^vith enterotoxaemia 
of sheep. There is considerable sharing of antigen among these 
types and so cross reactions are common. Further, these types 
appear to be again divisible into subtypes. 

Toxin Production. The members of this species produce an 
extracellular toxin. It does not seem to be an immunologically 
simple substance. On the basis of neutralisation tests on experi- 
mental animals, usually mice, seven serologically distinct toxins, 
named a, p, y, etc., have been identified. Each type of the orga- 
nism may produce two or more, up to five, of these toxins. The 
action of the toxins may be lethal, necrotic or haemolytic, any 
one toxic entity exhibiting any or a combination of these effects. 
For example, the a toxin is haemolytic, lethal to mice on intra- 
venous inoculation and produces necrosis when injected intra- 
dermally into guinea-pigs and rabbits, whereas the y toxin is 
only lethal to mice. The production of these toxins is, however, 
largely dependent on the conditions of growth. 

The gas gangrene type, Type A, produces at least three 
toxic entities, the a toxin being the most important. A culture 
filtrate is haemolytic and lethal and also displays a local necrotising 
action on muscle tissue. Its lethal dose for a mouse is about 
0*25 cubic centimetre. C/. nvMtii also produces hyaluronidase. 

A toxic filtrate containing the a toxin when mixed with 
human serum gives rise to an opalescence. The reaction is known 
as the Nailer reaction. The a toxin appears to be an enzyme, 
lecithinasc, or at least it has this property, and the Nagler reaction 
depends upon the enzymic splitting of the lipoprotein complex 
of scrum. This reaction is usclol in the identification of CL 
^'elchii. 

Pathogenicity. CL wele/ifi is the chief agent in the produciion 

£35 gangrene. It is found either alone or, more commonly, 
in association with other anaerobes. It may also cause enteritis 
appendicitis, pcurpcral fever, septic abortion and urinary' and 
gall-bbddcr infections. It has been isoiated from the blood 
during life in certain septic conditions. Jn certain animals, like 
sheep and cattle, it causes spontaneous disease. Experimentally 
pigeons, mice and guinea-pigs are susceptible, pigeons being the 
®ost. In the subcutaneous tissue, about the site of inocubtion 
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?■ P«iB or less fr«j«Iy 

m ^oii cisins. Spores ere aval and subitmiinal. SporoMon 
IS delayed, especially m the presence of fennenraWeearbohydrato 
The organism is capsulated m tissues. It h non-iBofilc aad 
Gram-positive, 


Gronjb SeqTurmms. CL wMii is a fairiy strict anaerobe, 
but least strict of all the gas gangrene bacteria. The opjimuB} 
lemperaturc is 37° C. It grows best on media contalfling/emicn* 
tabic sugars, but in them it dies out soon due to tbe destructive 
effect of acids on the vegetative forms and to the inhibition of 
sporulation in such environment. - . 


Culture. Jt grows readily on ordinary media, provided 
anaerobic methods are followed. On agar two types of sutfsce 
colonies may be seen, one large, round, smooth, regular, opaque 
discs, and the other, less common, presenting an opaque centre 
and radially striated transparent periphery. Jo glucose agarshaie 
culture the colonies are hicortvex and opaque with entire edge. 
'Hjc taediutn is broken up with abundant gas production. Ihc 
colonies on blood agar are surrounded by a zone of beta hstoo- 
lysis. Broth culture gives rise to a ooiform turbidity which sou 
clears vp, leaving a viscid sediment. 

Biochemical Actifity. C/. wekhii is actively saccbarolytic. 
forming ^cid and gas in a number of sugars, such as glucose, 
saccharose, maltose, lactose and occasionally saUcin. In thr 
cooked meat medium, the meat is turned pink but not digest^ 
Milk is coagulated with the production of profuse gas whici! 
breaks up the clot into mioutc fragments, giving rise to the 
characteristic ''stormy feementaticn". Jndole is not fowitd. 
Kydrosto. is produced. Gelatin is liquefied but not 

nsuaiiy coagulated serum or egg. The organism forms a soluble 


haemolysin. 

Resistance. The vegetative forms arc easily destroyed, J>«t 
eposes ace resistant. The organism dies off quickly in add meda* 

Antigenic Structure. CL weldtU does not constitute s scro* 
lo^caUy homogeneous group. Including strains isolated fr^ 
the lower animals, four serologically different types, A,B,C,G, 
have been described. The strains occurring oormany jd mt 
aiimentary tract of man and animals and which are cespoosjWt 
for gas gangrene, consfilnie TyP^ A. Types B, C and U 
contain strains, closely resembling Type A, that are isohied 
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from natural diseases of lower animats, Type B from Iamb 
dysentery, Type C'from a disease of sheep known as “struck” 
and Type D,'the organism that is assodalcd with cnterotoxaemia 
of sheep. There is considerable sharing of antigen among these 
types and so cross reactions are common. Further, these types 
appear to be again dirisible into subtypes. 

Toxin Production. The members of this species produce an 
extracellular toxin. It does not seem to be an jmmunologically 
simple substance. On the basis of neutralisation tests on experi- 
mental animals, usually mice, seven serologically distinct toxins, 
named o, y, etc , have been identified. Each type of the orga- 
nism may produce two or more, up to five, of these toxins. The 
action of the toxins may be lethal, necrotic or haemolytic, any 
one toxic entity exhibiting any or a combination of these effects. 
For example, the a toxin is bacmolyiic, lethal to mice on intra- 
venous inoculation and produces necrosis when injected intra- 
dcrmally into guinea-pigs and rabbits, whereas the y toxin is 
only lethal to mice. The production of these toxins is, however, 
largely dependent on the conditions of growih. 

■nie gas gangrene type, Type A, produces at least three 
toxic entities, the a toxin being the most important. A culture 
filtrate is haemolytic and lethal and also displays a local necrotising 
action on muscle tissue. Us lethal dose for a mouse is about 
0*25 cubic centimetre. CL welclni also produces hyaluronidase. 

A toxic filtrate containing the o toxin when mixed' with 
human serum gives rise to an opalescence. The reaction is known 
as the Nailer rcflctiou. The o toxin appears to be an enzyme, 
lectihittasc, or at least it has this property, and the Nagler reaction 
depends upon the enzymic splitting of the lipoprotein complex 
of scrum. This reaction is useful in the ideniification of CL 
ivelchii . ' 

Pathogenicity. Cl. wekhii is the chief agent in the production 
of gas gangrene. It is found either alone or, more commonly, 
in association with other anaerobes. It may also cause enteritis, 
appendicitis, pcurperal fever, septic abortion and urinary' and 
gall-bladder infections. ■ It has been isolated from the blood 
during life jn certain septic conditions. In certain animals, like 
sheep and cattle, it causes spontaneous disease. Experimentally 
pigeons, mice and guinea-pigs are susceptible, pigeons being the 
most. In the subcutaneous tissue, about the site of inoculation 
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‘“""San.ait is in smgl«. pairs or te fregutnily 

« delayed, especially m the peescoce of fetmeniable carMydrato. 
The organism is capsulated in tissues. It is noo-isojiie mi 
Gram-positive. 

Growth Requirements. Cl. wlchii is a fairJy strict anaerobe, 
but least strict of all the gas gangrene bacteria. The optimum 
temperature is 37 C. It ^rows best on media contaming teracD- 
table sugars, but in them it dies out soon due to the destnictiit 
effect of acids on (he vegetative forms and to the inhibition of 
sporulation in such cnvironniciit. 

CtiUore. It grows readily on ordinary media, provided 
anaerobic methods are followed. On agar two types of surface 
cdloaies may be seen, one large, round, jmooth, regular, opaque 
discs, and the other, less common, presenting an opaque centre 
and radially striated transparentperipbery. In glucose agar shaic 
culture the colonics are biconvex and opaque with entire edge. 
The medium is broken up with abundant gas production. Tbc 
colonies on blood agar are surrounded by a zone of beta haeffie* 
lysis. Broth culture gives rise to a uniform turbidity which soea 
dears up, leaving a viscid sediment. 

Biocbemica} Activity, Cl welchU is actively saccharolytic, 
forming acid and gas in a number of sugars, such as glucose, 
saccharose, maltose, lactose and occasionally salidn. In the 
cooked meat zaediunu the meat is turned pink but not digested. 
Milk is coagulated with the production of profuse gas which 
breaks up the clot into minute fragments, giving rise to the 
characteristic “stormy fennentation’*. Indole is not formed. 
Hydrogen sulphide is produced. Gelatin is liquefied but not 
usually coagulated serum or egg. The orfumsm forms s soJuWc 
baemolysin. 

Rcsisfancc, The vegetative forms arc easily destroyedy bat 
spores ate resistant. The orgamsm dies off quickly in acid media. 

Antigenic Structore. Cl welchii does not constitute a s«o* 
logically homogeneous group. Including strains isolated from 
the lower animals, four serologically different types. A, B, C, D, 
have been described. The strains occurring normally m me 
alimentary tract of mao and an/mals and which are rcspooribic 
for gas sansrene, conslitute Type A. Types B, C D 
contain strains, closely resembiing Type A. that are jsolaletl 
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The tom is amigenic and an antitoxin Is prepared in the horse. 
Cl. septlcum is immunologically related to CL chattvoei. 

Cl. sepdcum is one of those organisms that cause gas gangrene. 
CcrUin natural diseases are caused also in sheep and cattle, 
fopctimentally it is pathogenic for the gujnca-pig, rabbit, mouse 
and pigeon.' Inflammatory and haemorrhagic oedcioa with a 
slight amount of gas production follows subcutaneous inoculation. 
The organism may invade the blood stream, producing a scpti- 
cawnia which is usually fatal in twenty-four to forty-eight hours. 
After death long filamentous forms and “citron bodies’* are 
noteworthy findings, at the site of injection and in the peritoneal 
surface of the liver. 

Cl<Ktrldlum Noryi <Clostrldiuni Oedematiens). This is the 
third important gas gangrene organism. It lives chiefly in the soil. 

Morphology. It is somewhat like Cl. ivelcftll, but more 
slender with a sire of 0”8-0*9 by 2*5-5-0 microns. It occurs 
singly and in chains. In tissues shorter forms predominate. 
Though provided with twenty or more peritrichous flagella, mofility 
is sluggish and is observed only under strict anaerobic conditioos. 
It is noncapsulated. Large, oval, central or subterminal spores 
swell and distort the rods. It is Gram-positive. 

Cultiralion. It is a strict anaerobe. The optimum tempera- 
ture is 37 « c. It grows best in the presence of a fermentable 
sugar. 

On agar are formed transparent flat colonies which tend to 
Spread. The centre may be often darker than the periphery. The 
deep glucose agar colonies usually resemble snowflakes, sometimes 
showing an opaque brownish centre. The medium is disrupted 
with gas. Broth cultures arc slightly turbid with flocculent 
sediment. 

Biochemical Characters. Arid and gas arc formed in glucose 
and maltose but not in saccharose, lactose and salicin. Acid is 
formed slowly in litmus milk but not clou Meat in meat 
medium is reddened but not digested. Indole is not formed, 
nitrates arc not reduced, but I^dtogcn peroxide is produced. 
Gelatin is liquefied but not coagulated serum or egg. A haemo- 
lysin is formed. 

Toxin Production and Fathos<nRIty, It forms a powerful 
extracellular toxin, alrnosi comparable in virulence to the toxins 
of the diphtheria and tetanus bacilli. It is powerfully antigenic 
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.^ZTa- ■ *' Wpod.sifKa, 3te 

Of after * togtr i«!e(vji, 
acpeadjiij upon tiis wnilence pf ifte arain, Awopsy revtajs 
e.xtens/ve necrosis of the underlying muscles which are fmbit 
nffa piak\ 


Djsgnosis. The diagnosis of gas gangteae is litalt v-iili 
sci>aratejy. The diagnosis of other coDditions, guch as paetpera) 
fever, doe lo Cl »‘M// is wade on the same lints as in gas 
^ngrene. l/tennc discharge, blood and urine should be txapunti 
in puerperal fever. U may be home m mind (hat aflacrobic 
streptococci may also be present in malcnals from this condition. 

Oostridinm Septtetua, This is one of the anaerobes causing 
gas gangrene. Its habitat j> cbhDy the soil 

Morphology. This species consists of large rods O-d-O-S 
6y 3 0-8-0 microns with rounded ends. The occufrcBce of 
Jong chains and filamentous forms on the visceral surfaces » 


guitiea-pjgs dead of this iofection is very cbaractcnsiic. Peculiar 
large swollen forms rcsemWing ieaon arc also seen in bssucs-- 
'"ettren bodies”. Pleomotphism is a marked feature in sgar 
culture. The organism is motile with 4-id periinchoas fiagelia. 
It Js not capsulated. It is Gram-positive. Spores ate ova!, 
subtennioal and swelling the mother cell. 

CoJtiMtjon. Cl septicum is o sirici anaerobe. The optisu® 


temperature is 3V C. 

On agir, surface colonies are small and transpareot bavisg 
variable shape. In deep glucose agar delicate, arbor«ceat, 
sometimes opaque colonics are formed with plenty of gas pm* 
duction. In broth growth gives rise to slight diffuse turbidity 


foJIoivcd by clearing. 

Blochem/cal Characters. Glucose, mahoae, saUcin and lactose 
are fermemed with the producuon of acid and gas, but not 
saccharose. In millv slight aetdity is produced which may be 
followed by clotting. Meat m (he meat medium (S reddened bnt 
pot digested. Indole is not formed. Hydrogen sulphide » 
produced. Gelatm is liquefied but not coagulated serum. A 
baeTDoiysin is formed. 

Toxin IVodDctioD and IPaUipgeiiicity. A powerful exotoxm i 
ceneraKd by itiK eloslndiam. Its M.L.D. fat 
0-OQS cuKc centieoare. Cl. xptiaua forms aha a Rbraolp-e- 
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are very prolific during war and that is why war conditions are 
particularly favourable for the incidence of gaseous gangrene, 
as compared to civil conditions. 

Duiing the growth of the gas bacilli in the tissues toxins are 
liberated. They arc powerfully histiotoxic. By attacking the 
surrounding healthy tissue they cause its death. There is no 
attempt at inflammation but only a ample death which extends 
very rapidly. This toxic necrosis is the essential process under- 
Ijing the disease. Large amounts of haemorrhagic fluid accumu- 
late and there is plenty of gas formation with spreading 
crepitation. The pressure due to these and the results of the 
consequent impediment to circulation are also subsequent causes 
for the devitaUsation of the muscle. The saccbaroJytic organisms 
arc the first to be active, but soon the proteolytic ones follow, 
causing by means of their toxic products digestion and blackcn- 
iog of the dead tissues and further extension of the disease 
process. The muscles in the affected area are thus rendered 
soft, friable and black. There is profuse offensive discharge 
from the wound. Haemorrhagic bullae are formed over the area. 
A purplish discoloration of the surrounding skin is another marked 
feature. There is toxaemia from the beginning as the toxins are 
readily absorbed into the circulation. The organisms, only 
CL weJehU and jcpricum and not CL may invade the 

blood stream causing septicaemia. The death rate is fairly high, 
ranging from 20-80 per cent. 

Diagnosis. While it is easy to recognise the presence of 
Chstrldia in materials obtained from lesions, it is extremely 
difficult to identify them. The exudate from the infected wound, 
gangrenous tissue and fluid from bullae arc all rich with the 
presence of these organisms. Films prepared from any of these 
and stained by the Gram's method will reveal them. By this 
alone, however, no definite idea of their identity can be gained. 
That CL wejehn is a short squat organism possessing capsule, 
®ay give some indication. 

The cultivation of the organisms from the material and their 
isolation arc then proceeded with. The same method as followed 
in the isolation of the tetanus bacillus is equally applicable in 
the isolation of the 'gas gangrene badlli as well. Fildes' method’ 
not of use in this. For ensuring purity of culture, plating 
^•ill have to be repeated several times. The organisms may also 
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and an antitoxin is 


prepared in the horse. Novy’s badllos also 


prodnces a fibrinolysin. ,, 

. The organism appears to be specially responsible for the 
more toxic forms of gas gangrene. ,But it is also the rarest, 
when alone it causes less tissue damage than either a. wtHil 
or Cl. septicum. It causes massive, gelatinous oedema milicat 
t e profuse gas formation of Cl. welchii or the haemorrhagic 
necrosis of Cl. septicum. It does not usually invade the bioaJ 
stream. Novy’s bacillus causes natural disease in cattle, horses 
and hogs. Experiraentaliy guinea-pigs, rabbits, mice and piegons 
are susceptible. Inoculated intramuscularly into guinea-pigs, it 
gives rise to a spreading non-iaemorrhagic gelatinous oedema, 
ending fatally in twenty-four to forty-eight hours. 

, Gas Gangrene, After the advent of antiseptic surgery, the 
incidence of gas gangrene has been considerably reduced in 
life. But conditions during war remain particularly favourable 
for its extensive occurrence. In fact, it was the vast opportunities 
offered during the War of J9I4-J$ that enabhd the first ibcroviih 
study of the aetiology of gas gangrene. 

The disease is caused, together or rarely severally, by the 
three anaerobic species Cl wekhii, Cl. septicum, and Cl fioip 
in the order of frequency. But many aerobes and other anaerobic 
members of the genus Clostridium, such as Cl histolyticm. Cl. 
sporogeties, Cl sordellt and Cl fallax, all present in the soil, 
are also generaiiy seen in association with these. Recent evidence 
indicates that Cl bistolyucum is also pathogenic to man. Much 
of the foul odor of gas gangrene is said to be due to Cl sporO’ 


. 1 . 

"Hie usual mode of infection is, as in tetanus, ifirougfl 
contamination of wounds with infected soil, manure or dolbing. 
As in tetanus again, it is the introduction of spores, and not the 
vegetative forras, that is responsible for successful infection. B»l 
spores or even vegetative forms, washed free of all toxin, cannot 
attack healthy living tissue. The presence of dead pssoc or 
Blood ciot at the site of infection is an essential condition for 
determininf infection. These form the suitable anaerobic nidus 
necessary for the germination of spores and mulliplicatiou 0‘ 
rbe organisms. .The anaerobic condition so available is further 
assisted by the activity of the aerobes. AK kinds of wounds 
with extensive deslnicls'on of tissues and .contaminalcd srilh sou 
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Prophylaxis. Careful andi immediate attentfon to all fresh’ 
wounds is important. All wounds should be carefully cleaned and 
alt damaged tissues removed. The prophylactic administration of 
antitoxin is useful. The dose is 3,000 international units of 
Cl. welchil antitoxin, 1,500 units of Cl. septicum antitoxin and 
1,000 units of CU novy/ antitoxin. This standard dose has been 
recently increased threefold and the prophylactic dose now advo- 
cated contains 9,000 units of Cl. welchii antitoxin, 4,500 units of 
Cl. septicum antitoxin and 3,000 units of CL novyi antitoxin. 

Chemotherapy is also of some value in the prevention of gas 
gangrene. Antibiotics and sulphonamidcs have been found 
undoubtedly useful in preventing wound infection. ■ ‘ " 

' Clostridiom BotoUoumj This organism was first isolated by 
Van Erracngem in 1896, while investigating on outbreak of food 
poisoning in •Belgium. Its toxin causes a very serious form of 
food poisoning called botulism. The ogranism lives mainly in 
the soil and rarely In the intestine of animals. 

Morphology. They are large rods, 0. 5-^.8 by 3.0~S.0 
nicrons, with rounded ends, occurring singly, in pairs and in* 
short or rarely long chains. They are motile by means of 
4-8 peritriebate flagella, non-capsulated and Gram-positive. The 
spores arc oval and subiermlnal, causing slight bulging of the 
tnoUicr cell. Some strains produce spores readily, others tardily. 
Spores are formed best in sUgar-frec media. 

Cultivation. CL botulinum is a strict anaerobe. The optimum 
temperature is C. It grows well on ordinary media. 

Glucose docs not improve growth. Both tryptophane and the 
Jporogenes factor are necessary for growth. 

The organism grows on ordinary media provided ' strict 
anaerobic condition is present. On agar surface colonies arc 
large, translucent and irregular with a dense central portion and 
a thinoer reticular periphery. Colonies on deep agar are trans- 
lucent and fluffy ; the central portion may be biconvex, globular 
or disc-shaped. There is abundant gas production, resulting in 
the disruption of the medium. In broth the growth is slow but 
luxuriant in three or four days, with dense turbidity and granular 
deposit. > 

Biochemistry, Alt types ferment glucose and maltose, pro- 
ducing acid and gas. Type A'fennenls salicin but not Types B 
and C, Indole is not produced. MHk is slowly digested by 
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be cultnated from_ the patjem’s blood. Afiir obtsmiag pro 
cultures their idenuty is to be established by morpholoey, bio- 
chemistry and serology. A presumptive evidence of tie presence 
of a. vekU ia the oeiginsl materiel may be obtained by the 
following method; A suspension of the material in sterile saline 
IS heated at 80" C. for 20 minutes. It is then inoculated into 
mtlk sad incubated anaerobicaffy. If the organism is present, there 
wii! be stormy fermentation of Diilb. , The use of Nagicr reaction 
in the identification of Welch’s bacillus has been mentioned above. 

Animat experiments are expensive as large number of anioiels 
have to be used. The origina} material, or preferably pure 
cultures, should be inoculated into groups of protected and control 
animals. Animals are used in groups of five,, one unprotected, 
three previously protected by inocuialing with the antisera of 
Cl. wekhii. Cl. septiewn and Cl. imyi separately and the fifth 
protected against all the three species simultaneously. Evidently, 
the infecting organisms are, those against which the suniving 
animals had been immunised. - ' 


Treatment. The treatment of gas gangrene consists of surgi- 
cal measures, administration of the specific sera and cheiuo*' 
therapy. Drastic removal of the alTeoled tissues may be nectssasy 
and should be boldiy performed. Too little and not loo much 


is the risk. 

Both polyvatent and monovalent antisera are avaikble. They 
axe prepared in the horse. The mixed scrum shonld-be given 
pending identification of the species and after that the 
homologous antiserum. It is given intramuscularly or m urgent 
cases intravenously. Antibacleria! sera are also available and 
» combination of these with antitoxic sera has been reporlcd » 
give better resuits, JLarge doses, three times the prophylactic 
dose (sec beloWJ, should be given. That serum therapy is 
valuaMe, has not been definitely established. Antitoxic senna 
against Cl. Kekhii is indicated in puerperal fever due to this 
orgamsa. This serum is also used by some surgeons as a routine 
measure before operation in surgical emergencies of tie abdomen 
and in appendicitis. , 

yenveiilin appears to be cITective in gas gangrene. Snlpbona- 
mide and certain allied compounds have also been reported npMV 
favourably. Transfusion is- of great value. But the most 

ifflportantofallis.radicalsurgeiy. . , ■ ' 
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liaiberneck, a paralytic 'disease of 'chickens. Certain cases of 
forage poisoning in cattle and horses have-b^en reported from 
Australia 'and U.S.A. Lam?iefcte, a disease of cattle in South 
Africa, is botulism. 

Experimentally guinea-pigs, mice, rabbits, cats and monkeys 
are susceptible to toxin administered by mouth or parenteraliy. 
Dogs and rats are resistant The subcutaneous injection of a 
broth culture into any of these animals causes death in 1-4 days. 
The symptoms are identical to those of the natural disease. 

Botulism (L., botulus, a sausage). Though the organism is 
■widely distributed in the soil, botulism is of very rare occurrence. 
Outbreaks'hare been more frequent in Germany and America 
than in other places. Of the two types A and B responsible for 
the disease in mao, Type A is commoner than Type B. Recently, 
Type E has also been described from human botulism, particularly 
from America. The organism grows and multiplies in the food, 
contaminated directly or indirectly %vith soil, producing toxin. 
The disease is caused on consuming such food, uncooked or 
imperfectly cooked. Although the organism may enter the'body 
through food, there is no invasion of the tissues; ft is the 
prerormed toxin that is responsible for the disease which is there- 
fore an intoxication. Bacteria-free toxin will cause the same 
disease. Preserved food, such as ham, sausage, canned, pickled 
Of smoked meat and canned vegetables, may be responsible. 
These, when infected, may often evince signs of spoilage; the 
cans may be blown and there may be a rancid odour on their 
opening. 

It is a very severe type of intoxication and the incubation 
period is short, from 2<^72 boors. The toxin appears to act 
selectively on the myoneural junctions of the parasympathetic 
and motor nerves, leading to the production of neuroparalytic 
«ymtoms which constitute most of the clinical manifestations of 
Ihtt disease. Whether the nerve cells arc anecled, is not certain. 
Vomiting, constipation, paralysis of accommodation and ptosis, 
pharyngeal paralysis with dysphagia and aphonia and severe 
prosiraiion arc the outstanding symptoms. Death m.iy occur in 
one to seven days. The mortality rate is high, ranging between 
^85 per cent, or more. 

DUgnosls. The bacteriological diagnosis of botulism rests 
on the demonstration of the toxin in the suspected food. The 



A TEXTBOOK OF. BACTERIOLOGV 


Koducec, but mtraiK ate not reduced. A haemoiysin is prod w 
The group ,s not as a whole prolcolyiic. Gelatin, coagolat 
scrum and egg ate generally liqueSed by Types A asd ! 
Types C and D digest only gelatin. Meat is digested slowly at 
blackened by Types A and B; C. D and E are inert. . 

Resistance. The spores are highly resistant and lAmk 
boihng for several hours but are destroyed by moist heat i 
I20^C. in five to twenty minutes. 


Antigenic Structure. There are five serological types, na'oe 
from A to E, each producing an exoloxin specific to itself. Th 
atituoxin produced by any of these neutralises only the homologou 
toxin. The common types responsible for human botulism ar 
Types A and B. Type C was originally isolated from botufi'sii 
of ca»]e in Australia and Type D from horses in South Africa 
Type E was crigioally isolated from cases of food poisonioj 
due to consumption of ftsh; it also appears to cause huaat 
botulism. Further, by tbe use of agglutination and coapJcsjMt 
fixation tests these major types can be divided into subtypes 
which show cross reactions among them. 

Toxin Pfoduclion. C/. botulinum forms a very powerful 
exotoxin. U is the most powerful of all the exotoxins and is said 
10 be twenty-five times more lethal than the tetanus toxin, h 
has been computed to be about 10,000 limes more poisonous 
than potassiam cyanide. A dose of 0-00001 ml. injected sub- 
cutaneously IS enough to kill a mouse, tfnhke other soluble 
toxins, it IS markedly resistant to weak acids and on feeding 
is readily absorbed from the gastro-intcsttnal system. It 
also heat stable, requinng for its destruction a temperature of 
90" C applied for forty mioutes. With formalin the toxin cm 
be converted into toxoid. The botulinum toxin is neurotoxic, 
acting mainly on the fxtrasympalhetic system. Although the 
toxins produced fay the various types are serologically distinrt. 
their pharmacological action is substantially identical. Antitoxic 
sera can be prepared by immunising animals with toxin. 

Pathogenicity. The toxins of Types A and B cause botulism 
in man. The organism itself is not parasitic and need not enter 
the .host to produce the, condition. In virtue of their toxins all 
the types have been found to cause spontaneous disease m anifflsis, 
such as fowls, ducks, horses and, cattle. Ci, h(rmUnion causes 
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Il-nbenicclc, ' a paralytic disease of ’chickens. Certain cases of 
forage poisoning fn cattle and horses have been reported from 
Ausiralia‘'and U.S.A. Laroziekte, a disease of cattle in South 
Africa, is botulism. 

Experimentally guinea-pigs, mice, rabbits, cats and monkeys 
arc susceptible to toxin administered by mouth or parenferally. 
Dogs and rats are resistant. The subcutaneous injection of a 
broth culture into any of these animals causes death in 1-4 days. 
The symptoms are identical to those of the natural disease. 

Botulism (L., bofolus, a sausage). Though the organism is 
widely distributed in the soil, botulism is of very rare occurrence. 
Outbreaks 'have been more frequent in Germany and America 
than in other places. Of the two types A and B responsible for 
the disease in man, Type A is commoner than Type B. Recently, 
Type E has also been described from human botulism, particularly 
from America. The organism grows and multiplies in the food, 
contaminated directly or indirectly xvith soil, producing toxin. 
The disease is caus^ on consuming such food, uncooked or 
imperfectly cooked, Although the organism may enter the body 
through food, there is no invasion of the tissues; it is the 
preformed toxin that is responsible for the disease which is there- 
fore an intoxication. 'Bac(eJi.i-frcc toxin will cause the same 
disease. Preserved food, such as’ ham, sausage, canned, pickled 
or smoked meat and canned vegetables, may be responsible. 
These, when infected, may often evince signs of spoilage; the 
cans may be blown and there may be a rancid odour on their 
opening. 

It is a very severe type of intoxication and the incubation 
period is short, from 24-72 hours. Tlic toxin appears to act 
selectively on the myoneural junctions of the parasympathetic 
and motor nerves, leading to the production of neuroparalytic 
symtoms which constitute most of (he clinical manifestations of 
the disease. Whether the nerve ccUs arc afTcctcd, is not certain. 
"Vomiting, constipation, paralysis of accommodation and ptosis, 
pharyngeal paralysis with dysphagia and aplionia and severe 
prostration are the outstanding symptoms. Death may occur in 
one to seven days. The mortality rate is high, ranging between 
20-85 per cent, or more. 

Diagnosis. The bacteriological diagnosis of botulism rests 
on the demonstration of the toxin in the suspected food. The 
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food I^S macerated in saline and filtered through a bacterial filw, 
1 he filtrate is injected intraperitoneally into three mice, oie 
previously protected with Type A antitoxin, another with TypeB 
antitoxin and the third unprotected. If A or B and C die, itii 
positive: the type of the organism is indicated by the roniiij 
animal, A or B. Attempt may also be made to demonstrate the 
presence of the toxin in the vantU. By appropriate methods the 
organism may be isolated from the food, vomit and faeces during 
life and the stomach and intestinal contents after death. The 
pure culture is then identified by biochemical, serological and 
virulence tests. 

Prophylaxis. Effective sterilisation of the food during pre- 
paration for preservation and effective cooking of it before 
consumption prevent the occurrence of the disease. The food 
from tins that show evidence of spoilage should not be consumed. 
To all those who have partaken of the food but not yet developed 
the disease, 10 ml. of a bivalent antiserum should be adraiais* 
tered as a prophylactic measure. 

Treatment. Antiserum is not therapeuiicalJy very effective, 
It is administered in 50 ml. doses of the bivalent serum and 
repealed till the patient recovers. As typing necessarily eotato 
considerable delay, the use of monovalent serum is cot practi- 
cable. Soap neutralises the toxin and olive oil prevents i« 
absorption. Hence high soap or olive oil enema may be tned. 
Potassium permanganate destroys the toxin in vitro. Hen 
solution of this chemical given by mouth may be useful. Alco 
precipitates the toxin and so the administration of it in smau 
doses may have some value. 


CHAPTER XXXni 
THE SPIROCHAETES 


Spifochacte (coil-hair) is the name applied to a group of 
elongated, spiral organisms, exhibiting motility without possessing 
demonstrable flagella. They were first discovered by Ehrcnbcrgh 
in 1833 in stagnant water. Since then, several types, free-living, 
saprophytic and parasitic, have been discovered in various situa- 
tions, such as water, sewage and bodies of insects, animals and 
taan. The spirochaeles exhibit characters peculiar to protozoa 
on the one hand and bacteria on the other. Chiefly owing to 
the difficulties of their artificial culture, careful studies have not 
been possible and so our knowledge about these forms of life 
remains relatively meagre. Consequently, their biological position 
has not been finally defined. 

Ecology. Free-living, commensal and pathogenic forms have 
all been met with. The free-living ones are either fresh-water 
forms or marine forms The commensals live in the mouth, 
intestinal canal and genitalia of man and in animals and inseas. 
A few of the pathogenic types arc able to lead a free-living 
existence in water and also a commensal life; the rest are strict 
parasites. 

General Characters. The spirochaeles are slender, elongated, 
motile, flexible organisms, twisted spirally around the long axis; 
'^ry greatly in size and in (he number and nature of coils; 
exhibit no antcro-posterior pobriiy, I.c., they can move forxvard 
or backward with equal ease; possess no definite nucleus; 
multiplication is by transverse division. An important diiTcrcncc 
from bacteria is the possession of motility without flagella. May 
be that flagella are present, but too tenuous to be demonstrated 
by the ordinary methods. The spirochaeles display three types 
of motility; flexion, cork-screw motion or movement of rotation 
round the long axis and movement of translation with varying 
The spirilla differ from the ^irochactes in that they have 
rigid bodies, preformed coils and locomotion with terminal flagella. 
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f ® p-e spirochactes are muck I«s refttfe 

.!^eL .V T- ’ "‘"“"5' ^^W-drop method fe „It 

useruhn their exaramalion. The method of dark grami illraiet- 
tion has to be resorted to for this purpose. It is sis, more 
djfiicuU to stain them •than bacteria. Hence, special methods 
nave been developed for tbeir demonstration. Negative staining 
(p. 66] and Giemsa’s technique (p. 77) ate both useful, but the 
silver impregnation method gives the most satisfactory rcsnlis. 
In this method, metallic silver in very fine partidesare deposited 
on the organisms which in consequence appear black. Levaditi's 
technique fp. 79} Tor Treponema in tissues and Fontana’s (p. 7S) 
far films give the best results. Spirochactes are Gram^negative. 

Cultivation. The cultivation of these micro-organisms is 
likewise difficult and ordinary media arc unsuitable for it. 
Natural animal proteins are necessary for tbeir growth and so 
media meant for this purpose should be enriched svith blood, 
serum or ascitic fluid. The spirochactes are cultivable only ob 
fluid or scmi'Solid media. A low oxygen tension is essential for 
growth. This may be ensured by growing them in long narrow 
tubes containing a fluid medium and a piece of sterile rabbit’s 
kidney and provided with a vaseline seal (Noguchi). The catalase 
of tissue destroys the iniroicat hydrogen peroxide that may be 
formed during growth. Even in this medium growth U rather 
slow and takes a week or more to appear. Lepio^ira is l«s 
exacting in its gas requirement than other pathogenic spirochactes 
and so it is less difficult to cultivate. Due to the cultural d'lfB* 
cuUics, in vivo methods arc adopted to maintain in the laboratory 
strains of spiroebaetes; suitable animals, like rabbits, inoculated . 
W’ith them remain as chronic carriers. 

Biochcniistiy. Practically nothing is knovm about their 
biochemical properties. The pathogens grow best at 37’ C. and 
ate anaerobes ; some of them, like T, palUdum, are strict anaerobes, 
•while others are less rigid in their gas requirement. 

Resistance. These micro-organisms are more vulnerable to 
the action of destructive agents than the vegetative bacteria. 
Desiccation is rapidly lethal. The highly pathogenic ones cannot 
live outside the host tissues for more than a few hours. 

Immunity- bacteria, the spirochaeies incite the pro- 

duction of antispirochaetal antibodies in the body of the.host; 
agglutinins, spirochactocidifls,spi^haetoIysins, complement-fixing 
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and protective antibodies are ail generated. The presence of the 
last mentioned type of antibody can be proved by protection 
test's on animals and that of others by appropriate m vivo tests. 

A reaction that is peculiar to the spiroefaaetes and not shown 
by bacteria jS the Rieckenherg phenomenon or adhesion pheno^ 
menon. In this in vitro reaction, the spirochaetcs are so altered 
in their physical properties m the presence of the homologous 
antiserum that particulate bodies, like platelets and bacteria, 
stick to them. 

• The immunity that follows rccoxcry from diseases due to the 
pathogenic spirochaetcs is of low grade and fvanescent. But 
in the course of infection, patients display what is called infection 
immunity, that is, resistance to supennfection with the same 
organism. 

Toxin Productioa and Pathogcoiclfy. The spirochaetcs do 
not produce any esotoxin, iheir offensive weapon being presu- 
mably the endotoxin or dead and lysed spirochaetal body The 
virulence of the pathogenic species is subject to considerable 
variation. The clinical manifestations they give nse to in man 
likewise vary widely, some being acute and others subacute or 
chronic and long standing. The spirochaetcs also exhibit some 
degree of tissue selection; some arc mainly blood parasites, while 
others arc chiefly tissue parasites or evince special affinity for the 
skin or the lymphatic system. 

Classification. As our knowledge about these parasites is 
incomplete and meagre, any classification is necessarily tentative. 
Several schemes dividing ibcm into distinct genera have been 
suggested, but all of them are open to objection, provisionally, 
we may adopt the following one, classifying all spirochaetcs into 
five genera. 

(1) Spirochseta. Large spirochaetcs possessing an axial 
filament round which the body is twisted in a spiral manner, 
rescmblmg a spiral stair case; no loculation of the body; frcc- 
hving. 

(2) Crktispira, Spiral organisms possessing a band-like 
membrane or crista running throughout the length following the 
body curve; body is divided into chambers by transverse sepia; 
parasitic in molluscs. 

(3) Saprosplra. Possess neither axial filament nor ensta, 
but body is chambered ; fcec-livitig or saprophytic. 
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(4) Treponema. Smaller spi’rochaetes; possess neilier axial 

s “ Of p'4 St It 

or loosely wound, secondary coils 'develop during moveme'iii- 

olthotn-'^ 7 " sora=-SP«:te; iarasWeaniiuiW 

pathogenic to animals and man, ' ^ 

Cl t'P'ospira. Neither axial Eiament nor crisla dmoe- 
strable; large number of regular, fine, closely set primary coils,- 
one or both ends frequently booked; free-living and parasifc, 
some pathogenic to animals and man. 


The spirochaeles pathogenic to man all belong to lie tiro 
genera Treponema and Lepiospira. The more common and mil 
known ones are listed below: 


TABLE XX 

The CozomoQ Spirochaeles , ^ , 

Treponema pallidum . . Syphilis 

Treponema pertenue . . Yaws 

Treptonema recurrentis .. Relapsing fever c 

Treponema \incemi .* Incriminated in Vincent’s aBgiiMf 

with the fusJfonn bacillus ^ 

Treptonema bronchioles . . Incriminated in Bronchitis ' ' 

Treponema eurygyraia .. Incriminated in Dyscnlcry-Iike . 

condition 

Treponema buccahs . . ] . , 

Treponema microdentium . . ' ^ 

Treponema macrodentium . . Non-pathogenic, usually 'thictef, 
Treponema refringens, . )• shorter, with irregular open 
present in genitals cods; easily stained. 

Treponema gracile 
{T. callygyrum) 

Treponema cuniculi . . Sypbiiis-Wce condiion of rsbbjt, 

morphologically resembliDg T. 
pallidum. 

Leptospira icierohae- . . Weil’s disease 
morragioe 

Leptospira hebdomadis . . Japanese seven-day fever , 
Leptospira grippo-typhosa . . Swamp fever 
Leptospira autumnalis . . Harvest fever 
Leptospira pyrogenes . . Leptospirosis in Sumatra 

Leptospira bifiexa .. Water 

Leptospira cankola .. Hogs 

Treponema Recurrentis. T. recurrentis, the causative agent 
of relapsing fever, W'as discovered by Ob&rmeier in 1873 duriflg 

an outbreak in Berlin." •' 
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' Morphology. They are 10-20/* x 0-2-0'5/i in size with 
5 to 10 fairly regular but loose primary coils, each possessing 
a wave length of 2-3 microns. When seen under dark ground 
illumination, they exhibit uniform coils and active motility. 
Komanowsky stains stain them well. Giemsa is the best and 
imparts a purplish red colour Carbol fuchsin is also useful. 
T. reeurrenUs is Gram-negative. Not infrequently the parasite 
presents granular staining. The stained specimens do not show 
j regularity of curves which tend to open out. Multiplication is 
by transverse fission A granular phase has been said to occur 
‘ in the developmental cycle of the organism, but there is no suffi- 
^ cient proof. 

• Cultivation. This spirochaetc has been successfully cuhi- 
f vated in Smilh-Noguchi medium (p. 109). It is very difficult to 
maintain the culture and some workers even doubt whether the 
organism has been really cultivated Growth occurs best under 
microaerophilic conditions. The optimum temperature for growth 
»30’C 

Qassifleation. The relapsing fever spirochaetes have been 
placed in a separate genus Borreha by Bergey. In view of their 
, close similarity to T pallidum, the creation of a new genus is 
open to question. Many authorities include them in the genus 
Trgponema. 

Slight difTcrcnccs in the immunology and virulence to 
laboratory animals are displayed by the various strains occurring 
in different regions. On this ground and on that of certain 
minor clinical dissimiianiics, distinct specific names have been 
iiven to them, such as T. dunom m West and Central Africa, 
T, berbera in North Africa, T novyt in North America, T \ciic- 
sucUnsis in South America, T. obcrmeien in Europe, T carteri 
m India and several others Such minor variations do not really 
constitute sufficient critcna for the creation of new species and 
these different strains are better considered as no more than 
different races of the same species, T. recurrenus 

Transmission. T. rccurrentts is essentially a blood parasite 
^ind Its transmission is by blood-sucking insects. On this ground, 
relapsing fever has been divided into two epidemiological groups, 
the louse relapsing fever and Uic tick relapsing fever. 

The louse responsible for transmission is the body louse, 
Ptdkulus corporis. It is the v«tor in Europe, India and North 
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(4) Treponema. Smaller spirochaetes; possess ceithcr aiiai 

filament nor cristaj-.having a number of primary colls, closely 
or loosely wound, secondary coils ‘develop during movesBCDt; 
attenuated or pointed ends in some'species; parasitic and tnany 
pathogenic to animals and man. ' ' 

(5) Leptospira. Neither axial filament nor crista demon* 
strable; large number of regular, fine, closely set primary cofls; 
one or both ends frequently hooked; free-living and parasitic, 
some pathogenic to animals and man. 

The spirochaetes pathogenic to man all belong to the two 
genera Treponema and Leptospira. The more common and well 
known ones arc listed below; 


TABLE XX 

Ihe Common Spirochaetes 


Treponema pallidum 
Treponema pertenue 
Treptonema recurrentis 
Treponema vincenti 

Treptonema bronchioles 
Treponema eurygyrata 


STOhilis 

Yaws 

Relapsing fever 

Incriminated in Vincent's aagi^, 
with the fusiform bacillus ' 
Incriminated in Bronchitis ' 
Incriminated in Dysenlery-hw 
condition 


Treponema buccalis 


s repoficiTUi 

Treponema refringens, 
present in genitals 
Treponema gracile 
(T. callygyrum) 
Treponema cunkuli 

Leptospira ieferohae- 
morragioe 

Leptospira hebdomadis 
Leptospira grippo-typlwsa 
Leptospira auiumnahs 
'jeptospira pyrogenes 
Leptospira biflexa 
'Jptospira canicoia 


Non-pathogenic, usually 'tWefcef, 
sboner, with inegular open 
coils; easUy stained. 

Syphj(is-I«fce condiion of rabbit, 
morphologically resembling /• 
pallidum. 
tVcil’s disease 

Japanese seven-day fever . 
Swamp fever 
Harvest fever 
Leptospirosis in Sumatra 
Water 
Dogs 


yospira camcoia -• 

... «« n«!iirrent£s. T. recurrentis, the causative flgW* 

lutbreak in Berlin. ' 
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The incubation period varies from 5-10 days. The clinical 
picture is the same in all forms of rcbpsing fever. A sudden 
onset with chiils, high fever, severe frontal headache and muscular 
and joint pains constitute the usual symptom comple.’?. There 
is moderate enlargement and tenderness of the spleen. The fe^-er 
lasts for a few days, 3 to 5, and falls by crisis. It is followed by 
an apyrcxjal period of about two to fourteen days. The 
symptoms start again and the cycle continues. As many as ten 
relapses may occur in the course of an infection. The tick 
relapsing fever of Central and West Africa is said to be more 
serious than the louse relapsing fever During the pyrcxial 
period of the illness, the spirotbaetes are present in varying 
numbers in the penphecat blood, during the quiescent phase 
they disappear from it, but they are present in the internal organs, 
like spleen. The occurrence of T rciimeniu m the cerebrospinal 
fluid has been reported The mortality rate vanes from 5-30 
per cent. 

Immunity. Lytic and agglutinating antibodies appear m the 
blood in a few days after the onset of the illness The disappea- 
rance of parasites fiom the peripheral blood, almost synchronising 
with the fall of temperature or a little earlier, is probably due 
to the destructive action of the antibodies on spuochactes A few 
may, nevertheless, lurk in the brain or some other invulnerable 
islets during the apyrexial penod and, with a fall in the litre of 
the antibodies, may reinvade the blood, causing relapse. This 
Js repeated till the active immunity reaches a sufficiently sustained 
high potency to eradicate the infection The relapses are 
progressively milder, finally most cases recover Another expla- 
nation of relapse is the development of antigcnically variant 
strains in the tissues, w'hicb on reinfection of blood produce 
tdapscs. The relapse-siram is said to be aniigcnically distinct 
from the primary mfection-slram As in syphilis and tuberculosis, 
there is infection immunity also in relapsing focr, and super- 
infection during the course of the illness fails to occur. Sera 
from paiieriis sulTcnng from relapsing fever may give a positive 
^Vassermann reaction. The Rjcckcnberg reaction is positive 

«7). The immunity left after an attack of rcbpsmg fever 
ts of low grade and subsequent attacks may occur. 

DUgoosIs. The organisms arc seldom numerous in the pen- 
pberal blood, but tbey do oc«ur, Dunng the febrile penod the 
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by the coMim,.i.at,on of the b,h.mmd vitb fefe<«i«crearf 
(he insect or by the nibbins in' into the wound the crushed bodv 
or the louse during scratching caused by imtation; the insect's 
body Binds contain the spirochactes. In the louse, transmission 
takes place through blood suefeing and possibly also hereditarily. 
After the infective feed, ipirochaetes can be demonstrated in the 
stomach for twenty-four hours, after which -they disappear. 
About six days after, they begin to reappear in the body cavity 
and thereafter are found distributed in all pans of the body. 
A /ousc, once infected, remains so for the remainder of its life 
and hereditary transmission through eggs may occur. 

The tick is the transmitting agent of relapsing fever is 
Tropical Africa and Central and South America, DJJTercntspcdes 
of the soft tick, Omithodorm, are responsible in different locaB- 
ties. Man is infected by infection of the bite puncture with fee 
infectious excretion of the coxal gland or with infected excreta. 
Of these, the fomrer is probably more important to transatisnen. 
As in iouse infection, the parasites disappear from the jut of tit 
tick subsequent to feeding on infected blood and after an interval 
reappear in the tissues. An infected tick remains infected throB^* 
out life, and the occurrence of hereditary transmission of infectiofl 
in these insects has been established. 

PatbogcDesis. T. reatrrentis causes relapsing fever ia roan. 
The organism is readily transferable to monkeys, in which a 
disease clinically identical with relapsing fever in man can be 


produced by injection of the organism. Mice and rats 
susceptible but less readily than monkeys; gomea-pigs and rabbits 
are refractory. The parasite is present in their blood dariog the ■ 
febrile period. The West African strains (T. duitoni) arc said to 
be more viculcat to monkeys than others. 

An identical spirochacte, T. gaUinarum for ansermm), ocems 
wt, a natural infection in fowls, geese and docks. T. sheiieri u 
associated with a natural disease of cattle in South Africa- “ 
Relapsing fever is an acute infections disease due to T. recur- , 
renih and is prevalent in all continents. In India, tbe Nflglris, ./ 
around Madras City, the United Provinces and Tfoitb West •. 
India are endemic centres. The disease is associated with ovts* 
crowding, famine conditions, dirt and ihsanifarion. Sometiaes 
it breaks out in epidemics. 
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■ ’ Treponema Broncbialis. A condition called bronchial spiro- 
chactosis has been described by Castellani, but it is doubtful 
whether a separate clinical entity like thir really exists. The 
spirochaetes that occur in this condition are not always of a 
uniform type nor do they show any morphological or other 
characters distinct from the spirochaetes occurring in the mouth. 
Hence, the creation of a separate species does not appear to be 
valid. f 

The relationship of 71 eurygyrata to the dysenterydike condi- 
tion ascribed to it and its general characters are both uncertain 
as in the case of T. bronchialis. It is said to be a dwarf spiro- 
chaete possessing only two coils. 

Non-Pathogcnic Treponemata. Treponema refringens is 'a 
large, motile, spiral organism, 10-30 microns long, with relatively 
few, irregular, sweeping coils. It is easily stained and is Gram- 
negative. It is found on normal mucous surfaces and also in 
necrotic and ulcerative lesions anywhere on the body. The 
organism may occur in syphilitic sores and has then to be 
differentiated from T, pallidum. 

Treponema gracile (or eallygyrum), occurring in secretions of 
the genitals, bears a close morphological resemblance to T. pallU 
dum. It is slightly stouter than the latter, possesses narrower coils 
and stains more readily. It shows a glistening appearance under 
dark ground illumination, whereas T. pallidum is dead white. 
Several species of spirochaetes have been described as normal 
inhabitants of the mouth. Spirochaetes displaying close resem- 
blance to T. pallidum are present in considerable numbers in 
carious teeth, pyrrhoeal secretions and in chronic ulcerative 
conditions of the mouth. One of them, Treponema microdentium, 
is hardly distinguishable from T. pallidum save for its shorter 
length. Treponema macrodentium is another, but it is thicker 
than r. pallidum and its coils are less regular. These organisms 
arc more readily stained by the ordinary methods than the 
pathogenic spirochaetes. 

.^^. ^Donema PalHt^np . T. pallidum, the causative organism of 
sj^iUs, was discovered by Schaudinn and Hoffmann (1905) in 
materials from chancres'of syphilitic patients. The discoverers 
had called the new organism Spirochacta pallida, but it was held 
untenable as the name Spirochacta had been previously applied 
to a different organism. Vuillcmin subsequently suggested the 
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lamination of Wood trader dark 6eid ilinmiMtlon may yi* 

stamed by the lashman or Giemsa technique or trith da»tt 
rarbo! fuchsin. It « wonb bearing in mind that these spirochaeiti 
tn stained smears do not maintain their regular fora; they m, 
be vmcoiied, curved or in small bnncbes. jrSsek mclbods faJ, 
blood may be inoculated into mice; after a fcn^days, spitocbaeies 
appear in torgc numbers in tbcir peripheral blood. Smears should 
be examined daily for at least two weeks if the resalts are 
negative. It should be remembered that these rodents may hare 
natural infection with similar spirochactes. 

Serological reactions ore not ot much diagacsth help. 
Recently, positive complement-fixation and aisglutination reactloas 
have been reported with a specially prepared spirochaeta) aat'iges 
and the patient’s serum. 

Prophylaxis. The improvement of the gwemi conditiaw 
that favour the spread of infection, campaign against lice aad 
ticks and the avoidance of their bites are the main lines of 


prophylaxis. 

Treatment. Arsenical compounds are curative. It is stated 
that the spirochactes rapidly develop arsenic-resistance. Hence, 
ttcatmeot should be with large doses at short intervals. 

V' Treponema Vmcentl. Vincent’s spirochaetc is a delitate 
actively motile organism wtb a measurement of 5-10 inictow 
long and 3-8 irregular spirals. It is Gfara-negati^'C. but catbol 
fuchsin is the best stain to demonstrate it. It is anaerobic and 
can be culdvatcd at 37" C. on serum agar or serum broth. 
Smears from Vincent’s angina, ufcerarive stomatitis, tropical vicer 
(Nags sore) and allied conditions show large numbers of these 
spirochactes, practically always mixed with the fustfonn bariUos. 
Their aetiological relationship to these conditions has cot beea 
determined. There is no proof that Vmcenl’s spirochactes are 
actively pathogenic and arc primarily responsible for any of these 
conditions. It has been stated that these spixochaetes are deve- 
loped from the /usifoxm bacilli and that the two are dilfcrent 
phases of a sin^e micro-organism, but this is based on very 
slender evidence. Tb^ appear to be distinct organisms liViOg m 
symbiotic relationship with one another, Arsenicals are oC^m 
in the treatment of Vincent’s angina. Local peoinUio therapy 
has been reported upon favourably. 
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Treponema Bronchlalls. A condition called broncbial spito- 
chactosis has been described by Castcllani, hut it is doubtful 
whether a separate clinical entity like this' really exists. The 
spirochaetes that occur in this condition are not always of a 
uniform type nor do they show any morphological or other 
characters distinct from the spirochaetes occurring in the mouth. 
Hence, the creation of a separate species does not appear to be 
valid. 

The relationship of T. eurygyram to the dysentcry-Ukc condi- 
tion ascribed to it and its general characters are both uncertain 
as in the case of 7*. bronchialK It is said to be a dwarf spiro- 
chaetc possessing only two coils. 

Non«Pa(bogcaic Treponemata. Treponen^a refringens is ’a 
large, motile, spiral organism, 10-30 microns long, with relatively 
few. irregular, sweeping coils. It is easily stained and is Gtam- 
Bcgative. It is found on normal mucous surfaces and also in 
necrotic and ulcerative lesions anywhere on the body. The 
organism may occur in syphilitic sores and has then to be 
differentiated from T. pallidum. 

Tfeponema gracife (or coKygyrum), occurring in secretions of 
the genitals, bears a close morphological resemblance to T. polll- 
dum. It is slightly stouter than the latter, possesses narrower coils 
and stains more readily. It shows a glistening appearance under 
dark ground illumination, whereas T. pallidum is dead white. 
Several species of spirochaetes have been described as normal 
inhabitants of the mouth. Spirochaetes displaying close rescin- 
hlance to T. pallidum arc present in considerable numbers in 
carious teeth, pyrrhoeal secretions and in chronic ulcerative 
conditions of the mouth. One of them. Treponema microdeniium, 
is hardly distinguishable from T- polUdum save for its shorter 
icngih. Treponema macrodcnilum is another, but it is thicker 
than T. pallidum and its coils are less regular. These organisms 
Me more readily stained by the ordinary methods than the 
patb^nic spirochaetes. 

.. .. ^ponf^a PfllUdg m. T. pallidum, the causative organism of 
»y^ilis, was discovered by Schaudiun and Hoffmann (1905) in 
tnaterials from chancres of syphilitic patients. The discoverers 
had called the new organism Spiroehacta pallida, but it was held 
Untenable as the name Spirochaeta had been previously applied 
<0 a different organism. VmUemin subsequently suggested ihc 
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name Spironema paUidum to the new .'organism. It was ihai 
found that the generic name Spironema bad objection too ca 
the ground of its prior application to a flagellate organisn. 
rinally, as Schaudmn considered the newly discovered 
spirochactc a protozoon, he renamed it Treponema paMm 
(p. 353). 

Prior to the discovery of T. paUidum, several attempts iad 
been made to reproduce syphilis in experimental animals, nitli 
some success in the rabbit by Hacnscll (1881) and in theMglier 
apes by MctchnikofT and Roux (1903). Within a decade of the 
discovery of the orrganism, several important advances were 
made in syphilology. Wassermann and collaborators inlrodowd 
in 1906 the invaluable serum test, now known as the Wassermann 
test. The next notable contribution was made by Ehrlich in 1910 
by the discovery of salvarsan. In 1911 Noguchi succeeded is 
cultivating the organism in pure culture in artificial media and 
two years later he demonstrated its presence in the brain tissue 
of cases of general paralysis. 

T. paUidum is a strict parasite and lives in the IcsionsUcau^- 
In discharges and tissues removed from the body, the orgaaiso 
may be seen alive for a brief intervai. 

Morphology, It is a delicate organism, about 6~U oiffow 
long by 0-25-0-3 micron thick, with finely tapering pointy 
ends and some 10 regular closely set coils, each having a dep 
and amplitude of about 1 -0-1 *2 microns. The central cols 
slightly more compact and broader than the extreme ones, s 
the organism has very low rcfractile power, dark- field 
tion is necessary to demonstrate it in the unstained state, 
has a dull silver-white appearance quite distinct from the n 
white glistening appearance of T. refringens. Its mo'cme^ ^ 
translation is very sluggish and the organism tends to _ 
the same spot in the field, but rotatory and flexion 
are conspicuous features, particularly the latter. Repro ^ 
is by binary transverse division. , 

No flagella are demonstrable by ordinary meth 
recently claims demonstrating a terminal flagellum at 
have been put forward. The presence of flagellar 
also been noted under the electron microscope. The 
of a granular filterable phase has likwise been suggests . 
the evidence in support of these claims is inadequate. 
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r. pallidum is refractory to the ordinary methods of staining. 
The indirect or the relief method is 'useful ; in this the background 
is stained, leaving the organism unstained. A drop of fluid 
containing the spirochaete is mixed with a drop of Indbn ink or 
Congo r^, spread on the slide, dried and examined (p. 66). 
Giemsa’s stain is employed in one of two ways : staining with a 
1 : 10 dilution of it for twenty-four hours or with a 1 : 2 dilution 
for one hour. The organism is tinged light pink, Fontana’s silver 
impregnation method gives very satisfactory results. Levaditi’s 
method is employed for staining the spirochactes in tissues (p. 79). 
Both stain the organism black. 

Cultiyation. It is very difhcult to grow the organism arti- 
ficially. In fact, douht has been cast on Noguchi's claims of 
cultivation. Rigid anaerobic conditions are indispensable for its 
growth. Enrichment of the medium with serum or ascitic fluid 
and the addiflon of a piece of sterile fresh tissue, usually rabbit 
bdney or testicle, arc necessary. The optimum temperature is 
37*C. Growth is slow. Due to the difficulties of cultivation, 
the usual procedure to mamiatn strains Is by inoculating infective 
xaaletials from cases into the testes of rabbits. The organism is 
readily obtained in a pure state from a popliteal gland excited 
from the infected rabbit. Strains may also be tnainiaincd m 
the mouse. 

Resistance. T. pallidum is readily destroyed by the 
common antiseptic agents. Heat at 41 'S* C. kills it in one hour; 
OTi this is founded the modem pyrothcrapy in syphilis. Cold 
ts resisted longer t the organism remains viable in otrated blood 
for three days at 5“ C. Drying is particularly lethal. In dis- 
charges removed from the body and left to dry, the organism 
^rishes quickly in a few hours, but in tissues so removed it 
lives longer. 

Immunity, Man does not possess any natural resistance 
against syphilis and all uninfected individuals exposed to infection 
are usually infected. Escape from infection need not necessarily 
prove the presence of immunity against syphilis, for such escape 
>5 possible if no local trauma to let in infection is caused during 
exposure. An unsuspected latent infection, congenital or acquired, 
®ay also prevent superinfcction. A certain degree of community 
resistance is undoubtedly developed against syphilis by long 
®®Qlact When first introduced into a community, the disease 
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round that Ihc genenc name Spirmema bad objection too os 
the ground of Us prior appliralion to a flagellate orgaaisn, 
imlly, as ScJiaodina considered the nesviy discovered 
spirochaeie a protojoon, he renamed it Treptmana palUm 
ip' >^53/. 


Prior to the discovery of T. paUidum, several attempts iad 
been iiudc to reproduce syphilii in experimental snfroals. with 
some success in the rabbit by Haensell (1881) and in the higher 
apes by MetchnikofT and Roux (19D3). Witbin a decade of t&e 
discovery or the on^ganism, several important advances were 
made in syphilology. Wasscrniaoo and collaborators introdaced 
in 1906 the invaiuable scrum test, now known as the Wassermanfl 
test. TIjc next notable contribution was made by Ehrlich in ISiO 
by the discovery of salvarwii. In 1911 No^chi succeeded in 
cultivating the organism in pure culture in artifirial media and 
two years later he demonstrated its presence in the brain tissue 
of cases of general paralysis. 

r. pQlUdvm is a strict parasite and lives in the lesions it causes. 
In discharges and tissues removed from the body, the organise 
may be seen alive for a brief interval. 

Morphology. It is a delicate organism, about 6-14 jaicroos 
long by 0*25-f)-3 micron thick, with finely tapering pointed 
ends and some 10 regular closely set coils, each having a depth 
and amplitude of about I 'O-l-Z microns. The central tenU &t< 
slightly more compact and broader than tbc extreme ones. As 
the organism has very low refractHe power, dark field iSumha- 
tion is necessary to demonstrate it tn the unstained state.- U 
has a dull silver-white appearance quite distinct from the brilKaat- 
white gUstenmg appearance of 7*. re/nngens. Its movttnent of 
translation is very sluggish and the organism tends to lemalti in 
ibe sume spot in the field, but rotatory and flexion movements 
are conspicuous featum, particularly the latter. Reproduction 
is by binary transverse division. ' | 

flagella are demonstrable by ordinary methods, bat , 
recently claims demonstrating a terminal flagellum at each pole 
have been put forward. The presence of flagellar structures has 
also been noted under the electron microscope. The existence 
of a granular filterable phase has Jibvise been suggested.'- But 
the evidence in support of these claims is inadequate. 
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r. pallidum is refractory to the ordinary methods of staining. 
The indirect or the reJ/ef method is usefu ] ; in this the hackground 
is stained, leaving the organism -unstained. A drop of fluid 
containing the spirochaeie is mixed with a drop of Indbn ink or 
Congo rsd, spread on the slide, dried and examined {p. 66). 
Giemsa’s stain is employed in one of two ways: staining with a 
1 : 10 dilution of it for twenty-four hours or with a 1 : 2 dilution 
for one hour. The organism is tinged b^l pink. Fontana’s silver 
impregnation method gives very satisfactory results. Lcvaditi’s 
method ts employed for staining the spirochaetes in tissues (p. 79). 
Both Slain the organism black. 

Cultivation. It is very difficult to grow the organism arti- 
ficially. In fact, doubt has been cast on Noguchi’s claims of 
cultivation. Rigid anaerobic conditions are indispensable for its 
growth. Enrichment of the medium with serum or ascitic fluid 
and the addition of a piece of sterile fresh tissue, usually rabbit 
kidney or testicle, are necessary. The optimum temperature is 
37* C. Growth is slow. Due to the difficulties of cultivation, 
the usual procedure to maintain strains is by inoculating infective 
taalcrials from cases into the testes of rabbits. The organism is 
feadily obtained in a pure state from a popliteal gland excised 
from the infected rabbit. Strains may also be maintained in 
the mouse. 

Resistance. T. pallidum is readily destroyed by the 
common antiseptic agents. Heal at 41-5'' C. kills it in one hour: 
on this is founded the modem pyrotberapy in syphilis. Cold 
IS resisted longer; the organism remains viable in ciirated blood 
for three days at 5*C. Drying is particularly lethal. In dis- 
charges removed from the body and left to dry, the organism 
l^rishcs quickly in a few hours, but in tissues so removed it 
iWes longer. 

Immunity. Man docs not possess any natural resistance 
against syphilis and all uninfected individuals exposed to infection 
are usually infected. Escape from infection need not necessarily 
prove the presence of immunity against syphilis, for such escape 
** possible if no local trauma to let in infection is caused during 
exposure. An unsuspected latent infection, congenital or acquired, 
®ay also prevent superinfcciion. A certain degree of community 
feristance undoubtedly developed against syphilis by long 
coatacu When first introduced into a community, the disease 
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runs a malignant course simtiar to that of any acute infec6ota 
disease, but in course -of time, as the result of long contact 
it assumes a subacute or cbronic type aS’ we know it today. 
There is also the possibility, contentious as it may be, that the 
decrease in the severity of the disease might also be ao expression 
of a decrease in virulence suffered by the parasite deting the 


protracted process of a host-parasite adjustment. 

The existence of racial differences in natural inuauBi^ 
against syphilis has been suggested, but it is based oa sleadCT 
evidence. Women arc said to develop acquired immunity in 
a higher degree than men ; this also has yet to be substantiated 


by conwncing proof. 

In syphilis some sort of immunity undoubtedly develops. As 
in tuberculosis, it is of the infection immunity type not dep^dcal 
on the presence of antibodies in the blood. After the 
has established itself, supcriofcction. as evidenced by the piodn- 
ction of a primary lesion, is not ordinarily possible and 
resistance continues so long as the individual harbours the iflie- 
ctioo. During the incubation period of sypbibs, I.e, pnor to tne 
development of primary chancre, when immunny has « 
time to develop in sufficient force, superinfection is c«y. Uuu« 
sxperien® fesiifiw to this; rouitiple choocres may * 
stage. Fresh exposure daring this period hkewise results mse^ 
infection with the prodoction of a second chancer. Th 
"n be obmafed a. this stage by 
By the time primao' chancre has «» 
immunity also will have been produced. is 

he iudeed from the production of clmical sympt , 
f„:r^ratS res.siance'lo further 

arlificially rndueed. It .s f'™”™ infeetio» 
development of a second „ ‘lifter the primary 

is extremely rare in the course “f ‘h' 

only apparent and not t^^ Even^so,^ 

“°^°f“co4pTeS?eute^^itii effieient treatment in the e^ 
sTeef Sch recovered individuals ate again suscept.hle to 



•, ) ;.'THE SPIROCHAETES . 637 

attack, indicating that with complete recovery acquired immunity 
disappears. The .presence of a latent stage in the clinical course 
may be a further proof of the development of immunity. These 
observations are indicative that in syphilis the tissues of the host 
develop and maintain a certain degree of immunity so long as 
the infection persists. This acquired immunity never attains a 
high grade. Once active symptoms have developed, syphilis does 
not show any tendency to spontaneous cure. That shows that 
the immunity response never rises to a degree adequate to 
cluninate infection altogether from the patient. It is true that 
in some people the infection is latent throughout, but in them 
scrum reactions may be positive and the condition is always 
a potential danger. 

In syphilis ordinary antibodies, like agglutinins, lytic factors 
and immune opsonins, are not produced : at any rate their presence 
cannot be demonstrated by employing the avinjlcnl culture strains 
of T . pallidum (p. 644). The occurrence and nature of the syphilitic 
antibody responsible for the serum reactions are discussed below. 
As already mentioned, complete recoveiy, when achic%ed, leaves 
the patient as vulneiable as before infection. 

Much ofour knowledge about immunity in syphilis, its nature 
and mechanism, its duration, its influence on cure or vice icr.w, 

IS mainly , based on the results of animal experiments. Rabbits, 
^hen inoculated with T". paUtdum^ develop chancre after a certain 
interval. After this event, there is increasing diEQculty in repro- 
ducing chancre by reinoculalion with T. pallidum and a stage is 
reached when it entirely fails, showing thereby that, as the result 
of long-standing infection, a low grade immunity is established 
in the rabbit. Rabbits, reinoculaied prior to the development 
of the primary chancre, invariably deielop the characteristic local 
lesion. The same results are obtained when rabbits adequately 
treated with arsenic compounds in the early stages arc reinjected 
subsequently with the same strain of the organism. Trcitment 
m the late stages of inoculated syphilis in rabbits does not seem 
to eradicate ,tbe infection, nor do such cases recover sponia* 
neously. All these points are still largely unsettled, and it is not 
wtain whether the results of expcnnicntal studies on rabbits can 
be applied without qualification to human sjphilis. 

Toxin ProduciJoa. Our knowledge about the exact mode 
of production of syphilis is still meagre. , Nothing is known 
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regarding the toxic factors of T. paWdum, whether it prodBcts m 

wr.h^ i""® antigenic slntnofe 

Whether tt undergoes or not any variation like bacteria. 

Pathogenesis. T. polUdum is a highly invasive orgamsci. It 
^uscs sypfii/is in man. No -other animal is naturally infected. 

condition is found to occur naturally ia 
rabbits due to T. cunlcuU which is motphoiogically iadistioeuf. 
shable from T. paUidum. ' t. 


Experimentally the infection can be reproduced in anthropoid 
apes, rabbits and mice. In monkeys, the infection is introduced 
tbrough the scarified skin of the eyebrows of of the yeniulU; 
infected tissue may Kfccwise be implanted under the skin.’ By 
these procedures, lesions typical of primary and secondajy lenous 
m man are produced. Rabbits, however, are mortf •convenient; 
they are inoculated into the anterior chamber of the eye or into 
the testis. The ibrmer causes keratitis and iritis and the Mttcr 
orchitis after an incubation period 'of two or three weeks, followed 
by lavoivemeflt of the inguinal glands and general dissemittatioB 
of infection. Injection into the skin of the scrotum gives nse 
to a sore resembling chanofe^ The occarrence of s natural 
infection of rabbits with T, cuniculU referred to above, should be 
kept in mind lest false results should be recorded. The inoculated 
mice do »ot show any lesion, but they take the infection which 
remains inapparent indefinildy. 

Syphilis must have existed from ancient limes. But there is 
no ^uthenljc record of its clinical recogdition or prevalence pnot 
to the closing years of the fiflccnth century when the sailors of 
Columbus returning from the New World were supposed to have 
introduced the disease into Europe. Whether the disease was 
really exotic to Europe before this period, is a disputed point. 
\pfhatever that be, Europe witnessed at this time widespread 
outbreaks of the disease. Any authentic history of the disease 
dates from this period. The disease derived its name from 
'•SypMius", the hero of a poem written by Fracastorius in ISHOr 
who was supposed to have acquired the disease >n a fell form 

because of his improvident ways. 

Syphilis is widely prevalent throughout the WoiW, its 
exact metdenee rate is not known; anjnfcctvon fate of about 
S-lO P« cent, of the general population has been reported in 
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some of the Western countries. .Between 1 and 1 per cent, of the 
children in the U.S.A. afe computed to have conscnital syphilis. 
Syphilis does not make any raoal discrimination ; the sexes are 
also equally susceptible. Climate, seasons and simitar factors 
play.no role in its incidence. Opportunity for contact, economic 
and social status, mode of living and personal habits are some 
of the factors that influence its spread and natural course. 
When the infection is newly intrcduced into a hitherto uninfected 
eommumly, it behaves as any other acute infectious disease, 
running a virulent course and causing high mortality. This is 
stated to have happened m Europe on us first introduction in 
the closing decade of the fifteenth century. After long contact, 
the conditions of resistance h\ the host species appear to have 
undergone changes, bringing about clinical modifications in the 
natural histoty of the disease which »s now much less acute but 
more insidious. 

U has been stated that there arc two types of T. pallidum, 
cne with special affinUy for epithelial structures, the dermotropic 
type, and the other possessing spedal affinity for the nerve tissue, 
the neuTOlropic type. More experimental and clinical data are 
fi^cssary before this can be accepted. 

• ,The elTecls of pregnancy on syphilis are twofold; it alters 
the clinical nature of the disease in the pregnant woman and it 
causes spread of infection to the progeny. The natural physio* 
logical changes of pregnancy are held by some to be operating 
in favour of the individual against the disease. The serology 
nay be masked during pregnancy. Others regard that pregnancy 
ft not always protective and that the stress and strain associated 
wtfa it may operate in the opposite direction. The spread of 
infection to the foetus can take place only on one condition and 
that is the presence of treponemata in the pregnant woman’s 
hlood. A healthy, intact placenta may probably olTcr some 
barrier, but the parasite may reach the foetal circulation even in 
the absence of detectable lesions m that organ. The transfer of 
infection through spermatazoa docs not seem to occur and con- 
*f<^Ucntly transmission by father docs not take place except 
indirectly by infccling inoibcr. In the laic stages of the disease, 
in latent cases and where the woman acquires the infection very 
close to the time of delivery, the offspring may escape’ infection. 
In others, where there are circolating organisms in the mother. 
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syphilis is transmitted 


. r . foetus. Transmission may taie 

plac^ny time after the sixteenth wee^ ofptcgn&ncy. 

_ pius, in syphilis there arc iwo important methods of irans. 
missjon of infertion^ircct contact through sexual union ar.'d 
placental transmission from mother. Extragenital direct contact, 
such as happens by kissing, wet nursing, circumcision or during 
cxarnmatio:! by the physician, is a much rarer mode snd trans- 
mission through blood transfusion is far rarer still.’ Direct 
implantation of the organism into minute breaches in the ep/thc- 
lial barriers of the skin or mucous membrane of the urogenital 
tract is necessary for successful infection. On this account and 
also because 7*. pallidum is a very delicate orgnnissn cot capable 
of living outside the tissues for more than a very brief period, 
transmission through famiies is extremely rare. However, tie 
possibility that the organism is capable of penetrating the intact 
mucous membrane cannot be precluded. About 90 per cent of 
cases of acquired syphilis have been ascribed to sexual contact 
and the rest to exirageniul methods. 

Syphilis is a chronic iafectiovs disease of hng dmdoB, 
It is one of the fnrrrtt*-'^-crf*p»hrprt^ it is conveniently clasriSed 
into acquired syphilis and congenital syphilis. The incubation 
period of acquired syphilis ts about l^ee weeks with outside 
limits of 10 and 90 days. The course of the acquired disease is 
conventionally divided into three stages-— primary, secondary and 
tertiary ; sometimes a quaternary stage also is described. 
Convcnjcnce for description is (he only justi/kstiaa fortie 
continuance of this arbitrary division. T. palUdum is very 
invasive and infection is a contuiuous progressive process fnus 
the beginning. And it is as much difBcuU to dete^nc the 
exact time of general dissemination dunng the evolution of the 
illness as it is to decide the tirae of transition from the secofioiry 
stage to the tertiary. In fact, there is evidence indicative of 
a much earlier generalisation than was known before. Now the 
disease is divided into early syphilis and late syphilis includag 


latent syphilis. 

At the end of the incubation period, the clinical course js 
ushered in by the appearance of the primary lesion, the Huntenw 
chancre, at the site of infection. Subsequently, it breaks out mto 


an indolent, indurated, painless, exuding sore, both sore and 


an innoiem, r-***-- — » 

discharge teeming with the treposemata. The regional gland 
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enlarge and show the presence of the parasite. Ordinarily* the sore 
heals in four to six weeks; as it tends to heal, the spifochaeles 
in it become less and less numerous. 

Soon' after infection, general diffusion of the organism into 
the body occurs. Spread takes place by way of the lymphatics 
and later through the blood. Septicaemia soon supervenes. 
Syphilis is protean in its mamfestations No tissue in the body 
is exempt from its attack. However, certain tissues and organ^, 
such 35 the skin, mucous membranes, central nervous system 
and cardiovascular system, are particularly picked up by the^ 
parasite for its ravages. Sore throat, cutaneous rash, bone and 
joint pains, generalised enlargement of the lymph glands and 
often fever constitute the mam symptomatology during the stage 
of established generalisation or the clinical secondary stage. 
T. pallidum is present m all viscera and lesions but particularly 
in great numbers m condylomata. lymph glands, mucous patches 
Md cutaneous rashes; the parasite has been demonstrated in 
semen and the cerebrospinal fluid. Obviously therefore, this is 
the most infective period. 

Probably with the development of immunity, the early stage 
of generalised infection passes on insensibly into the late stage, 
in which infection settles itself down in certain localised areas. 
The clinical manifestations of the disease at this stage are very 
varied and no characteristic picture can be drawn. This stage 
may last for years. A proportion of cases may remain quiescent. 
The essential pathological changes are chronic endarteritis, peri.- 
vascular inflammation and fibrosis, leading to destruction of 
tissues in the affected organs and other situations. Gummatous 
formation may likewise occur m various parts of the body 
including the viscera. The cardiovascular and nervous systems 
may be the scats of such destructive changes and their involve- 
ment declares itself more commonly during this stage. In 
neurosyphilis any or all ihe constituent structures of the nervous 
system, the vascular, supporting or nervous tissue proper, or any 
part of it, the central nervous system or the penpheral nerves, 
may be affected Again, the affection may be localised or 
widespread. The meningovascular or the intcrstuial form is 
earlier to appear and the parenchymatous form, general paralysis 
and tabes dorsalis mainly, later. The number of organisms present 
in late syphilis is few and »t is increasingly difficult to demon- 
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^philis IS transmitted to the'foetus. Transmission may tab 
plac^ny time after the s'lxtecnth mek of pregnancy. 

Thus, m syphUis there are two important methods of trans- 
mission of infection— direct contact through sexual union ar.S 
placental transmission from mother. Extragenital direct contact, 
such as happens by kissing, wet nuTsmg, circumcision or during 
examinatiojj by the physician, is a much'rarer mode and trans- 
mission through blood transfusion is far rarer still. Direct 
implantation of the organism into minute breaches in the cpilll^ 
liaJ barriers of the skin or mucous membrane of the urogenital 
tract is necessary for successful infection. On this account and 
also because T. pallidum is a very delicate organism not capable 
of living outside the tissues for more than a Very brief period, 
transmission through fomites is extremely rare. However, the 
possibility that the organism js capable of penetrating the intact 
mucous membrane cannot be precluded. About 90 per cent, of 
cases of acquired syphilis have been ascribed to sexual contact 
and the rest to cxtrageoital methods. 

Syphilis is a chronic infectious disease of long duration. 
It is one of the H is conveojentiy ctassffied 

into acquired syphilis and congenital syphilis. The incubation 
period of acquired syphilis is about three weeks with outside 
limits of 10 and 90 days. The course of the acquired disease is 
Conventionally divided into three stages — ^primary, secondary and 
tertiary; sometimes a quaternary stage also is described. 
Convenience for description is the only justification for the 
continuance of this arbitrary division. T. pallidum is vciy 
invasive and infection is a continuous progressive process from 
the beginning. And it is as much difficult to deteimine the 
exact time of general dissemination during the evolution c( the 
illness as it is to decide the time of transition from the secondary 
stage to the tertiary. In fact, there is evidence indicatiw of 
a much earlier generalisation than was known before. Now the 
disease is divided into early syphilis and iate syphilis inciuoas 

latent syphilis. .... 

At the end of the incubation period, the clinical course » 

ushered in by the appearance of (he primary lesion, ibc Huntenan 

chancre, at the site of infection. Siibsequeot/y, it breaks out m 
an indolent;' indurated, painless, exuding sore, both 
discharge teeming with the tn 5 >on«nata. The regional gland 
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dark ground illumination technique or, failing this, by staining 
(P. 626). 

The difierentiation of T. pallidum should be carefully made. 
The silvery white appearance, regulaniy of spirals and pointed 
ends, sluggish motility the organism tending to stick to one spot 
in the field and the flexion movements are all important details 
distinguishing it from T. gracile and T refrmgens with their 
thicker size, glistening appearance and more active motility. 

When collecting serous exudate for examination, cate should 
be taken to exclude, as far as possible, all contaminating organisms 
usually found on the surface. This can be accomplished by 
taking serum from beneath the surface of the sore. Blood- 
stained fluid is not suitable, for the presence of red cells will tend 
to obscure the spirochaetes ; what is wanted is the clear serous 
exudate. The organism wiU be scanty or absent iF any local 
antiseptics had been applied before. For these reasons in all 
cases of open sore, after a thorough cleaning, a sterile saline 
dressing is applied for twenty-four hours prior to taking material. 
After this, the sore is cleaned with warm sterile saline, dried and 
‘craped inside the margin gently by a blunt scalpel or the edge 
of a slide. Blood-stained fluid will exude ; it is wiped ofT once 
or twice and in a few seconds clear serum will follow. A drop 
of the exudate is removed to a thin slide, a cover-sUp is applied 
and rimmed with vaseline and the preparation is then examined. If 
inttnedutc examination is not possible or if the specimen has to 
he despatched to a laboratory, the serous exudate is aspirated 
into one or two capillary tubes, sealed on a flame and despatched 
without delay. The specimen should be examined without loss 
of time, for T. palUdum removed from tissues does not remato 
liable for a long lime. Similarly, aspirated fluid from buboes 
or scrum obtained from the secondary skin lesions, such as can- 
dylomata, mucous patches and others, may be examined. 

Serum Reactioos. Both complement-fixation and floccula- 
tion tests find extensive application jn the diagnosis of syphilis. 
*nie luciin reaction or the allergic intradcrmal test is seldom done 
because of the irregularity in its results. 

Wassermarm Test. The Wassermann test is only a special 
application of the prinriple of complement-fixation reaction 
(p. 2fi0) in the diagnosis of ^phlUs; the test is named after 
Wassermann who with his colleagues first applied the complement- 
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strate as the disease progresses. By careful search they caa 
be seen Jn the periphery of the gumma and in the vascular Jesions; 
treponemata have been demonstrafed in the cerebral cortex ia 
general paralysis, in the spinal nerve roots aad spina/' cord hi 
tabes dorsalis and in the aortic wail in aortitis- 


The central nervous system may be invaded very early in the 
course of the infection, but symptoms may not be apparent at this 
Singe. The exact time of its involvement is difiicult to deter- 
mine. Neurosypii/is, however, is generally a manifestation of 
the late stage of the infection. With involvcment of the. cen- 
tra! nervous system the cerehrospioal fluid may show plcocytoib, 
increased protein (globulin) content and positive serology^ 

A minority of cases do not exhibit any cUnical evidem^ p 
infection from the cornmcnccment; they constitute latent syp ibs, 
theonlyindicationofinfcction beingpositive serology, accidentaiy 
detected. In some of these, a break down of the defence 
Bim my aciivate fte infeiion at a hicr date and tod to 
syphilis, white in the rest the latency eoni.nnes ihroushont Me. 

Congenital syphilis is from the beginning a sjstcm^ic ttteto 
and treponemata are widely 

foetus may die in utero. the infant may J” 

clinira! manifestations or it may be il Z- 

number of spiroehaetea are present '’j' 
internal organs; they are scanty in 'be In'ent ^ 
a clinical, bacteriological and syslra 

with the latent syphilis in adults, /f "V® J* . , s^yjis. Tie 

is much less frequent In congenital tto '« J„ngcnM 

serological tests arc uniform y parcentage 

syphilis, except ’XSwn of resUlance. these 

-'Sor-" ^e^SS 

i^purteM. no. always 

possible ■'"f to demonstrate pe//Wum io the jro”s 

,,uda'e”f^- ^ 
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inimical to, T. pallidum is doubted. .Hence the name Wassermann 
antibody or regain is given to it. Thou^ not conclusively proved, 
it is generally agreed that the antibodies concerned with the 
complement'^ation and flocculation reactions are the, same. 
As in the case of other antibodies, the Wassermann antibody is 
probably associated with globulins. . It is not destroyed at 55° C. 
It is a lipoidophilic substance that can interact in vitro not 
only with the lipoids of treponemata, but also with tissue lipoids 
which arc antigenically similar. Hence, it has been suggested 
to be a heterophils antibody (p. 235). There arc several theories 
regarding the mechanism of its production, but none satisfactory. 
One is that it is the product of tissue breakdown resulting from 
the activity of the treponema or it is a true antibody indirectly 
produced as the result of stimulation by such ' disintegration 
products. Some regard it as a true antibody provoked by a 
specific antigen residing in T. palltdum. The presence of the 
Wassermann antibody in the blood is not regarded as an ex- 
pression of immunity; rather it is considered as an indication 
of the presence of T. pallidum m the body, its concentration in 
the blood, as evidenced by the degree of positivity of the serum 
reactions, 'varying in proportion to the number of •treponemata 
present in the tissues. 

'From what has been said above, it will be obvious that the 
Wassermann reaction is noD'Specific in the biological sense, as the 
antigen, not being derived from the causative organism T. pallidum, 
is not specific. But that docs not m any way detract from the 
reliability and consequently the value of the test. The explanation 
of the reaction is not clear. It is possible that the tissue lipoids 
sre antigenically-similar to some lipoidal hapten contained in 
T. pallidum and that chemical specificity, therefore, really under- 
lies the reaction. Though many serological tests have been 
<lcvised for the diagnosis of syphilis, the Wassermann test remains 
still the most reliable. 

The Wassermann technique is a complicated one. There arc 
several modifications of it, but the underlying principle is the 
same in all. The test is done in two ways. Many laboratories 
employ constant amounts of antigen and of patient’s serum with 
'trying amounts of complement. In others the amounts of 
antigen and of complement arc kept constant, while the amount 
of scrum is changed. In both the general procedure is the same. 



644 


A TEXTBOOK OF BACTERIOLOGY 


fixation reaction for lh« purpose^ The reaction depends upon 
the presence of a hcoidophil^^ufcstahcc in the syphilitic serum. 
And in doing the test we are actually attcmpllng to discover 
the presense or absense of thk substance in the blood or cere- 
bfospinal Iloid of a suspected case. It is one of the most reliable 
and valuable diagnostic tests. 

Wasserreann and his collaborators originally eaployed as 
antigen a watery suspension of syphilitic foetal liver contaising 


T. pallidum. With this they obtained positive reactions wlb 
syphilitic sera and negative reactions with normal sera.,Sobse* 
^ucntly, tt was found that an extract of non-syphilitic liver fixed 
contplcfflcnt equally well in the presence of syphilitic serum; 
later still an alcoholic extract of muscle tissue was found a better 
substitute. The exact nature of the tissue extract is not Jccorra. 
it consists of lipoids (phosphatides) soluble in alcohol 
reacting substance is most probably the Jeeilbin fraction. 
the lipoids investigated from various tissues, those from 
muscle were found to possess the best antigenic guah^. At 
the present time an alcoholic extract of bovine heart is 
that is commonly employed; sheep’s heart and human b«n 
are also used. Though choleslerol does not possess aay san 
genic value, its addition to the heart c.tlraei renders the » w 
more sensitive; a one percent, alcoholic solution “f’V* “j! 
in the proportion of three of heart extract to two of choteteiei 


There is considerable practical difficulty in 5 

treponema antigen for the Wnssermann test. Ho««. ^ 
have been conducted emplojnng both “ 
alcoholic extracts of the cuUorc strains as ““he . , 

found to be less sensit.ve than the >>P°f . 

Reiter strain of T. palMum has been "T syphiS* 

agglutination and ", and Sellirt 

sera. How far tt is supenor to *'= “"f ^as,*facteiy 
it can be of practical value in view of ^ 
methods of cultivation are f, j;., „a,ar= sad 

The Wassermann Antibody. What s,niBi 

mechanisn, of production the 

,and cerebrospinal flnid in syphdis ap- 
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iDimical to, T. palUdum is doubted. Hence the name Wassermann 
mtibody or reayin is given to it. Though not conclusively proved, 
it is generally agreed that the antibodies concerned with the 
Complenjcnt-Sxaljon and llocculaiio/) reactions are the same. 
As in the case of other antibodies, the Wassennann antibody is 
probably associated with globulins. U is not destroyed at 55® C. 
It is a lipoidophilic substance that can interact in vitro not 
only with the lipoids of treponemata, but also with tissue lipoids 
which are antigenically similar. Hence, it has been suggested 
to be a hctcrophile antibody (p. 235) There arc several theories 
regarding the mechanism of its production, but none satisfactory. 
One is that it is the product of tissue breakdown resulting from 
the activity of the treponema or it is a true antibody indirectly 
produced as the result of stimulation by such disintegration 
products. Some regard it as a true antibody provoked by a 
specific antigen residing m T. patltdum The presence of the 
Wassermann antibody in the blood is not regarded as an ex* 
prestion of immunity : rather it is considered as an indication 
of the presence of T. pallidum in the body, us concentration in 
the blood, as evidenced by the degree of positivity of the seniui 
reactions, varying in proportion to the number of treponemata 
present in the tissues. 

From what has been said above, it will be obvious that the 
Wassennann reaction is non-specific in the biological sense, as the 
aDtigcn, not being denved from the causative organism T. pallidum, 
w not specific. But that docs not lo any way detract from the 
reliability and consequently the value of the test. The explanation 
•of the reaction is not clear. It is possible that the tissue lipoids 
are antigemcally similar to some lipoidal hapten contained in 
T. pallidum and that chemical specificity, therefore, really under- 
lies the reaction, Thou^ many serological tests have been 
devised for the diagnosis of syphilis, the Wassennann test remains 
still the most reliable. 

The Wassennann technique is a complicated one. There are 
several modifications of it, but the underlying principle is the 
same in all The test is done in two ways. Many laboratories 
employ constant amounts of antigen and of patient's serum with 
drying amounts of complement. In others the amounts of 
antigen and of complement are k^t constant, while the amount 
of scinm is changed. In both the general procedure is the same. 
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[he *P'"* “P” 

'‘^S^SBluiauutatahce in !he sjpWiiik seret 
And in doing !he test ive are aonoBr attempting to distovt 
c prcscnre or abseosc of this substanee ia the blood or ten 
brospm! fiuid of a snspccted ose, n is one of the most ttlM 
3fii} vambk tfjagnosu'c tests. 


^Vatscrniann and his coibboraiors originally employed 6' 
anu^ft s ^vatcfy suspwslon of syphilitic foetal Jhw contaiawj 
^ Wth (h« they obtained positive reactions wth 

^J'phih’ttc sera and negative reactions with normal sera.. Subse- 
quently, it was found that an extract of non*syphiIitic liver fixed 
conrplcrncnt equally well in the presence of syphilitic senna; 
later still an alcoholic extract of muscle tissue was found a hctttf 
sobsi/tutc. The exact nature of the tissue extract is cot knowit 
It consists of Upoids (phospbatides) soluble in alcohol aad &e 
reacting substance is most probably the lecithin fraction. Of aB 
(ftc lipoids invcsugaicd from various tissues, those from tbehtart 
muscle were found to possess the b«t antigenic qaalily. At 
the present time an alcoholic extract of bosine heart is the one 
that is commonly employed; sheep^s heart and human heart 
arc also used. Though cholesterol does not possess any 
genic value, its addition to the heart extract renders the laUcr 
more sensitive ; a one per ccm. alcoholic solution of it is employed 
!fi the proportion of three of heart extract to Wo of cholcstwcl 


solution. 

There is considerable practical difficulty in employing a 
treponema antigen for the Wassermann test. However, tcacU'cDS 
have been conducted employing both saline suspensions and 
alcoholic extracts of the culture strains as antigens, but these w«c 
found to be less sensitive than the tissue lipoids. Recently, tnc 
Reiter strain of T. pa)haum has been repotted to yield stroeg 
agglutination and comp/emenl-fixation reactions with syphilifie 
sera. How far it is superior to the tissue extract and whether | 
it can be of practical value in view of the present unsatisfacloiy j 

methods of cultivation, arc questions yet to be decided. f 

the WassermaoD Antibody. \Vbat exactly is the nature and 
mechanism of production of the substance present io the serum 
nod cerebrospinal fluid in syjAilis, that is responsible for the 
positive complemcnt'fixation nnd flocculation reactions,. Is uo- 
Jknovv’U. That it is a regular antibody produced against, ana 
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inimical to, T. pallidum is doubted. iHcnce the 'name Wassermam 
antibody or reagin is given to it. Though not conclusively proved, 
it is generally agreed that the adtibodies concerned svith the 
complement'fixation and fiocculatlon reactions are the same. 
As in the case of other antibodies, the Wassermann antibody is 
probably associated with globulins. It is not destroyed at 55® C. 
It is a lipoidophilic substance that can interact in vitro not 
only with the lipoids of treponemata, but also with tissue lipoids 
which arc antigcnically similar. Hence, it has been suggested 
to be a heterophile antibody (p. 235). There arc several theories 
regarding the mechanism of its production, but none satisfactory. 
One is that it is the product of tissue breakdown resulting from 
the activity of the treponema or it is a true antibody indirectly 
produced as the result of stimulation by such disintegration 
products. Some regard it as a true antibody provoked by a 
specific antigen residing in T. palbdum. The presence of the 
Wassermann antibody in the blood* is' not regarded as an ex- 
pression of immunity; rather it is considered as an indication 
of the presence of T. pallidum in the body, its concentration in 
the blood, as evidenced by the degree of positivity of the serum 
reactions, 'varying in proportion to the number of treponemata 
present in the tissues. 

'From what has 'been said above, it will be obvious that the 
Wassermann reaction is non-specific in the biological sense, as the 
antigen, not being derived from the causative organism 'T. pallidum, 
is not specific. But that docs not in any way detract from the 
reliability and consequently the value of the test. The explanation 
of the reaction is not clear. It is possible that the tissue’ lipoids 
are aniigenically similar to some lipoidal hapten contained in 
T. pallidum and that chemical specifidty, therefore, really under- 
lies the reaction. ' Though many serological tests have been 
devised for the diagnosis of syphilis, the Wassermann test remains 
still the most reliable. 

The Wassermann technique is a complicated one. There are 
several ' modifications of it, but the underlying principle is the 
same in all. The test is done in two ways.! Many laboratories 
employ constant amounts of antigen and of patient’s serum with 
varying amounts of complement. In others the amounts of 
antigen and of complement are k^t constant, while the amount 
of serum is changed. In both the general procedure is the same. 
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s‘“<iar<ii5atioo oftbc reagents is very important. A 
standard volume is ewphyal lor all reagents, and the test fc 

iTartT™. a “ "”"e“ and tie 

Z. Praportwu ty means of 

fine graduated pjpettes. To this mixture the complemeut is added 
and t&e tubes shaken. The mixtures are then incubated at 37* C 
tor one hour, shaking them once or twice in the interval. At 
period, the haemolytic, or the indicator, system 

291) is added and the tubes are shaken and put back io ibe 
incubator for another hoar, again shaking them once or twice 
during the period. The racks are then removed from the incubator 
and left on the bench for a couple of hours or in the refrigerator 
overnight, after which the resuhs are read. In a positive case tic 
antigen-antibody complex would have fixed the eostpleaiesi, 
leaving no free complement in the syitem. The seasiUsed cehs 
are, therefore, ieft iatacty i.e., there is no haemolysis. The cells 
fona a deposit at the bottom and the supernatant fluid is efearaad 
not discoloured. The absence of haemolysis is thus indicative of 
a positive reaction. In a negative case, on the other bafld, 
owing to the absence of the immune body, no antigen-antibody 
complex is formed aod so there is no fixation of complement. 
The camplemeat is thus free to act upon the sensitised cells whidi 
are in conserjueace lysed, causing s uniform diseolorafion of tit 
fluid with no sedimeotatioa of cells. The presence of baeino* 
Jysls, therefore, signifies a negative reaction. For details of the 
test refer to books on practical bactenoJogy. 

The serum reactions arc negative in the first one or two weeks 
of syphilis. After this, positive reactions begin to appear, b^t 
negative reactions are also frequent. As the disease progresses, 
the reaction becomes iocreasiogly positive. Some authorities 
give 70 to 80 per cent positives for sU cases of untreated primry 
syphilis. The hading of T. paWdum, iosvever, should be the rRO« 
important criterion of diagnosis in this stage. During the clinical 
secondary smge, practically all untreated cases show positive 
ructions. Despite this, correlation of the clinical and laboratory 
findings is very important for arriving at a correct diagnosis. 
With the advent of the late stage, the frequency of positive «a* 
ctions diminishes, varying with the activity of the disease. Where 
active lesions are present, the madence of positives is mgn 
(75 per cent.), but when the disease is chronic and latent, it is low 
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(25-50 per cent.). In meningovascular syphilis the incidence of 
positives is about 60 per cent., stightVy higher in tabes dorsalis 
and 100 per cent, in general paresis. From the above, it is evident 
that a negative reaction in the primary stage of the illness and 
in tertiary and latent cases does not exclude syphilis. But a 
repeated negative test m suspected secondary syphilis practically 
always excludes the disease. 

Congenital syphilis with manifest lesions is almost always 
positive. In the absence of these and m latent congenital infe- 
ction, the percentage of positives is low, not more than sixty. It 
is preferable to do the test on the infant two to three weeks after 
birth, so that the possibility of a false positive from the presence 
of maternal antibodies, transferred through placenta, may be 
eliminated, Though the mother of a congenitally syphilitic child 
need not always give a positive serum reaction, testing her blood 
is often helpful and necessary 

Both acquired and congenital syphilis may yield positive 
reactions with the cerebrospinal fluid But the time when the 
ceotrat nervous system is invaded by the parasite causing a positive 
reacllaa in the cerebrospinal fluid cannot be defloitely determined. 
It is stated to occur very early lo the course of the tllness. In 
cerebrospinal syphilis (neuro-syphiUs) a high percentage of posi- 
tives IS got m the spinal fluid, and about 70 per cent, in tabes 
dorsalis; but in these the serum reaction does not run parallel 
and IS oUen negative. In general paresis both the spinal fluid 
and blood show 100 per cent, positives. The indication, there- 
fore, is to examine both the blood and spinal fluid in all cases 
of suspected central nervous system imphcation. 

A positive Wassermann reaction is obtained in y^s and 
trypanosomiasis and probably in rat-bite fever, relapsing fever 
and tropical cosinojjhtlia. Positive reactions have been likewise 
reported in lepr^y, malaria and infectiou^mononucleosis. But 
the possibility of associated syphilis giving positives should always 
be borne in mind. 

False positive reactions, aside from certain diseases men- 
tioned above, are usually due to technical errors. Apart from 
this, bacterial contamination of scrum may give rise to false 
positive reactions; so also badly hacroolysed specimens. Even 
in the best of circumstances, bowewr, a small proportion of false 
positives, less than 1 per cent, is obtained with the blood of 
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fin, Ha ^ Praportion by means of 

nfi P'P'ttes. To this mixture the complement is aided 

sna tse tubes shaken. The mixtures are then incubated at 37* C. 
lor one hour, shaking them once or twice in the iniervai. At 
r non period, the haemolytic, or the indicator, system 

(P’ 29i) is added and the tubes ate shaken and put hack in the 
incubator for another hour, again shaking them once or twice 
during the period. The racks arc then removed from the incubator 
and left ©a the bench for a couple of hours or io the ftfrigerator 
overnight, ailer which the results are read. In a positive case the 
anligcn^anlibody complex would have fixed the complement, 
leaving no free compIemeDt in the syitem. The sensitised cells 
arc, therefore, left intact, j.e., there is no haemolysis. The cells 
fonn a deposit at the bottom and the supernatant fluid is clear and 
not discoloured. The absence of haemolysis is thus indicative of 
a positive reaction. In a negative case, on the other hand, 
owing to the absence of the immune body, no antigea'antibod)' 
complex is formed and so there is no fixation of complement 


The complement is thus free to act upon the sensitised cells which 
are in consequence lysed, causing a uniform discoloration of the 
fluid with no sedimentation of cells. The presence of haemo* 
lysis, therefore, signifies a negative reaction. For details of the 


test refer to books on practical bacteriology. 

The Scrum reactions are negative in the first one or twowceis 
of syphilis. After this, positive reactions begin to appear, but 
negative reactions are also frequent. As the disease progresses, 
the reaction becomes increasingly positive. Some authorities 
give 70 to 80 per cent, positives for all cases of untreated primaiy 
syphilis. The finduig of T. pallidum, however, should be the m<5« 
important criterion of diagnosis in this stage. During the clinical 
secondary stage, practically all untreated cases show positive 
reactions. Despite this, correfaubn of the chniczl and laborsto^ ( 
findings is very important for arriving at a correct diagnosis. 
With the advent of the late stage, the frequency of positive rca' 
ctions diminishes, varying with the activity of the disease. Wbere 
acUve lesions are present, the incidence of positives is mga 
(75 per cent.), but when the disease is chronic and latent, Jt k JoW 
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antigen employed is the aIcoh<^^IubIe, ether ^ijsehible lipoids 
of the bovine heart. The same antigen reinforced with cholesterol 
may be used also for the Wassermann test. But, for the precipi- 
tation test a stronger concentration is necessary. The quantita- 
tive relationship of the antigen with the syphilitic serum would 
appear to determine the type of the ensuing reaction, precipita- 
tion or complement-fixation. For details of the Kahn test refer 
to books on practical bacteriology. 

The Kahn test is probably as scasUive as the Wassermann 
test. Many workers report that the results of the Kahn and 
Wassermann < tests practically always tally. A serious dis- 
advantage of the test is that doubtful results arc difficult to read. 

Prophylaxis. There are no means of active or passive 
immunisation against syphilis. The prevention of syphilis, as 
in other venereal infections, is through avoidance of promiscuous 
contact and the development of clean individual and social 
morals. The immediate local application of antiseptic remedies 
after exposure is invaluable in prevention. They may be success- 
ful even if applied within an hour after exposure. None of the 
proved therapeutic drugs iS prophylactic and perfunctory admini- 
stration of them after contact with the hope of aborting the 
infection should be avoided, as it only serves to mask it. General 
measures for the protection of the individual and the society are 
early and energetic treatment of cases, rigorous control over; 
prostitution and general education of the public. Early detection 
of syphilis in the expectant mother followed by thorough treat- 
ment is very important. 

Therapy. There is no specific treatment for syphilis.’ 
Organic preparations of arsenic and bismuth are sovereign reme- 
but they are not so efficient in the late as in the early stages. 
Mercury has been almost entirely replaced by bismuth. Persistent 
treatment is very essential in all forms of syphUis, especially. in 
late syphilis, regardless of negative serology. Potassium iodide- 
is a -valuable adjunct in the late stagcsl Pyrotherapy has. been 
found useful in neurosyphilis, especially the parenchymatous 
form. Penicillin has been reported upon very favourably. A total 
of 2-5 raillion units constitutcs.a course. It is too early to assess 
its permanent value. In view of the fact that some relapses have 
occurred, combined treatment with penicillin and arsenic has 
been advocated recently. j , 
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'“ainiy dnn to m rasons~on 
t^hmca! and the other lowr concentration of rcagin w the scruau 
Any test that gives a positive reaction rate of 80 per cent, or mere 
IS darned to be a satisfactory one. Apart from the method, 
twfinical errors are often the source of false negative jeacte 
A 107/ concentration of rcagin may occur at any stage of the 
disease but is more common in the and Joic and 

latent stages. A low tUre in the chrome stage indicates inadc* 
tjuate stimulation consequent on a localisation of the icfcctioD. 
The titre of the reagtn Is said to fluctuate in latent cases, accoanl- 
ing for the irregular results rarely seen in the iamc individiial 
at different times. ■ f . , 

As a result of treatment the majority of individuals become 
serologically negative in due course. The time taken for the 
disappearance of a positive reaction is contingent on 'several ^ 
factors, such as the individual,- the stage of the disease, the 
ejency and continuity of treatment and the sensitivity of ihetwt 
employed. It varies considciaWy. In general, the majority of ^ 
patients in the primacy and early secondary stages become nega* ’ 
tive after one or two courses of treatment A few may become 
negative even after one or two injections, some remain poshbit 
for months and may then become negative without furth^rwt- 
tncnl, while a certain proportion, about 10 per cent remain* 
positive indefinitely— the so-called Wassermann-fast individuals. 
The explanation of this variation is by no means clear. 

Precipitation or Flocculation Tests. Michatlis dlscovww 
(1907) that precipitation occu/rcd in syphilitic scrum on tbt 
addition of tissue e.xtracts. Since then, numerous tests based on 
this phenomenon have been devised for the serum diagnosis m 
syphilis ; sachs-Georgi, Sigma, Kahn. Mc’micke, Yemes, Kline and 
others. In all likelihood, the flocculation tests ate dependent on 
the presence of the same Jipoidophile antibody in the serum a* 
is responsible for the fixation of complement in the Wassermann 

reaction. , . 

The Kahn test is the most widely employed and probamy 
the most rdiaMe of all the flaccubtion tests. As in other !Io«“- 
ialioD tests, complement is dispensed 'with in this. Hence, it a 
simpler and'quicker to carry out than the Wassermami lest, loe 
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antigen employed is the alcoht^^^Iuble, ether jjjseJuble lipoids 
of the bovine heart. The same antigen reinforced with cholesterol 
may be used also for the Wassermann test. But, for the precipi- 
tation test a stronger concentration is necessary. The quantita- 
tive relationship of the antigen with the syphilitic serum would 
appear to determine the type of the ensuing reaction, precipita- 
tion or complement-fixation. For details of the Kahn test jefer 
to books on practical bacteriology. 

The Kahn test is probably as sensitive as the Wassermann 
test. Many workers report that the results of the Kahn and 
Wassermann tests practically always tally. A serious dis- 
advantage of the test is that doubtful results are difficult to read. 

Prophylaxis, There are no means of active or passive 
immunisation against syphilis. The prevention of syphilis, as 
m other venereal infections, is through avoidance of promiscuous 
contact and the development of clean individual and social 
morals. The immediate local application of antiseptic remedies 
after exposure is invaluable in prevention. They may be success- 
ful even if applied within an hour after exposure. None of the 
proved therapeutic drugs is prophylactic and perfunctory admini- 
stration of -them after contact witb the hope of aborting the 
infection should be avoided, as it only serves to mask it General 
measures for the protection of the individual and the society are 
early and energetic treatment of cases,' rigorous control overl 
prostitution and general eduentioo of the public. Early detection 
of syphilis in the expectant mother followed by thorough treat- 
ment is very important. 

Therapy. There is no spcafic ireatment' for syphilis,! 
Organic preparations of arsenic and bismuth are sovereign reme- 
dies, but they are not so efiicient in the late as in the early stages. 
Mercury has been almost entirely replaced by bismuth. Persistent 
treatment is very essential in all forms of syphilis, espedally in 
late syphilis, regardless of negative serology. Potassium iodide- 
IS a valuable adjunct in the late stages! Pyrotherapy has been 
found useful in neurosyphilis, especially the rparenefaymatous 
form. Penicillin hai been reported upon very favourably. A total 
of 2*5 million units constitutes a course. It is too early to assess 
Its permanent value. In view of the fact that some relapses have 
occurred, combined treatment with 'penicillin and arsenic has 
been advocated recently. . . -J • ■ . , - j 
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antigen employed is the alcohc^l^luble, ether ^^hible lipoids 
of the bovine heart The same aotigeo reinforced with cholesterol 
may be used also for the Wassermann test. But, for the precipi- 
tation test a stronger concentration is necessary. The quantita- 
tive relationship of the antigen with the syphilitic serum would 
appear to determine the type of the ensuing reaction, precipita- 
tion or complement-fixation. For details of the I^hn lest refer 
to books on practical bacteriology. 

The Kahn test is probably as sensitive as the Wassermann 
test. Many workers report that the results of the Kahn and 
Wassennann tests practicaUy always tally. A serious dis- 
advantage of the test is that doubtful results arc dilBcult to read. 

Prophylaxis. There are no means of active or passive 
immunisation against syphilis. The prevention of syphilis, as 
in other venereal infections, is through avoidance of promiscuous 
j contact and the development of clean individual and social 
I morals. The immediate local application of antiseptic remedies 
, after exposure is invaluable m prevention. They may be succcss- 
, ful even if applied within an hour after exposure. None of the 
I proved therapeutic drugs is prophylactic and perfunctory adminU 
I stfation . of them after contact with the hope of aborting the 

I infection should be avoided, as it only serves to mask lU General 

L measures for the protection of the individual and the society are 
early aad energetic treatment of .caws, rigorous control over 
prostitution and general education of the public. Early detection 
of syphilis in the expectant mother follou'ed by thorough treat- 
ment is very important. 

Therapy. There is no specific treatment for sypWUs.' 
Organic preparations of arsenic and bismuth are sovereign reme- 
dies, but they are not so efficient in the late as in the early stages. 
Mercury has been almost entirely replaced by bismuth. Persistent 
, treatment vs very essential in all forms of syphilis, especially in 
, late syphilis, regardless of negative serology. Potassium iodide 
is a Valuable adjunct in the late stages;! Pyrotherapy has been 
found useful in neurosyphiUs, especially the Tparenchymatous 
form. Penicillin has been repotted upon very favourably. A total 
of 2*5 million units constitutes a course. It is too early to assess 
its permanent value. In view t>F the fact that some relapses have 
occurred, combined treatment with penicillin ’and arsenic has 
been advocated recently. . . . ' ■ ' ; • ' i 
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Quate stimulation consequent on a localisation of the infcctiofl 
The titre of the reagin is said to fluctuate in latent cases, account 
ing for the irregular results rarely seen in the same individia 
at different times. 

As a result of treatment the majority of individuals becoffli 
serologically negative in due course. The time taken for ll« 
disappearance of a positive reaction is contingent on shva’ 
factors, such as the individual,' the stage of the disease, theeS* 
dency and continuity of treatment and the sensitivity of the t«< 
employed. 2f varies considerably. In general, the majority d 
patients in the primary and early secondaiy sbgcs become negi* 
tivc after one or two courses of treatment. A few may bccooe 
negative even after one or two injections, some remain positive 
for months and may then become negative without furthe^^rcat* 
ment, while a certain proportion, about 10 per cent, renjaies 
positive indefinitely— the so-callcd WasserTDanO'fast individuals' 
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especially in the caily siagcs. Their mode of demonstration is 
similar to that of T. pallidum. An antibody-Uke substance, 
resembling the syphilitic rcagin, apparently develops and so the 
Wassennann and flocculation tests yield a high percentage of 
positive results. Organic arsenic and bismuth ate likewise 
effective in the treatment of yaws, again revealing a close kinship 
of this disease with syphilis. 

teptespira Icterohacmorrhagiae. L. icierohaemorrhagiae was 
discovered by Inada and Ido in 1915 from cases of Weil’s disease. 
It is found naturally in the reservoir host, the wild rat, in the 
human lesions and for sometime in the moist soil and water con- 
taminated with rat's urine. It seems likely that the parasite can Eve 
in water in a free-living state for several months. L. biflexa, usually 
found in water, has been suggested lo be the free-living phase of 
L icierohaemorrhagiae i they arc morphologically indistinguishable. 

Morphology and Staining. This organism is T-Mp. by 0. 15p, 
with numerous, regular, very fine, primary coils and pointed ends, 
one or both of which are characteristically recurved (p. 2). 
The culture forms are longer than the tissue forms ; the organism 
is actively motile with rotatory or wavy movements. Films are 
stained by Giemsa's or Fontana’s method and section by 
Levaditi’s. The closely wound texture is often lost in stained 
preparations; though the coils arc opened out, the terminal 
curvature is preserved. Multiplication is by binary fission. It 
seems likely that distinct serological races of L. icterohaemorragiahe 
exist in different regions. 

Cultivation is not difficult, it grows readily on Noguchi’s, 
Fletcher’s or Schuffner’s medium (p. HO). It is an aerobe; some 
regard it as roicroaerophiUc. The opumum temperature is 
25®-30® C., but growth may occur at 37* C. The growth is slow, 
taking about a week. Cultures remain viable for four to six weeks 
at room temperature. Bile salts dissolve L. teterohaemorrhagiae. 

Pathogenesis. L. icierohaemorrhagiae causes WeU’s disease. 
Natural infection of dogs and foxes with this parasite has been 
repotted. 

Guinea-pigs arc very susceptible and rabbits to a much less 
extent. The intraperitoncal inoculaUon is the best method of 
transmitting the infection; the infection can also be induced by 
tubbing the infectious material on the unshaven skin or the conjun- 
ctiva. Following infection, the guinea-pig develops high fever 
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yasvs or framhocsia, ms described by Casteliani in mS J 
morpholo^caUy indistia^uishabk from T. paWdm. Tht fia 
pertefluc was given to it as at the time of discovery it was coi 
dtred to be thioner than T. pallidums Monkeys snd rabbif} h 
been successfully infected with T. pertenuSs 


It has been suggested that T. pertenue is identJeai w 
r, pamurn and that yaws is oniy a modified form of ^hi! 
The results of cross immunity tests in monkeys and rabbits sei 
to contradict this view, but further investigations have to be do 
before this point can be cleared. » 

Yaws is practically confined to the tropics; it is mainly 
in distribution, U is very rampant in many of the Pacific {slan< 
like Fiji and Samoa, in Tropica! Africa, in the “West Indies ar 
to a Cess extent in (ndfa: Assam, in this country, Burma as 
Ceylon are heaviiy infected. Though pathologically and clla 
caliy yaws presents a staking rcsembiaoee to the eotaseav 
lesions of syphilis, it di/Ters from the laUer in its r»on*scxua) mod 
of tfansmissiofl. Vaws is highly contagious and att evidtnc 
suggests that its mode of spread is mainly through direct coS' 
tact, the organism entering through open wounds or abrasions 
Foetal infection docs not occur. Children and young adults 
are more frequently the victims than others. Natural immunity 
gainst yaws does not exist. 

The lesions are scattered over the skin, llic initial lesion ^r 
yaw is a papufc which typicaffy develops into a disebargiKB 
granulomarous eruption, later becoming encrusted. About six 
to twelve weeks after the primary lesion appears, secondary 
lesions appear. 'Ihcse have the same genera! characters as the 
pfiinasy lesion. A tertiary stage similar to that in syphilis has 
been described by many workers. Internal organs are seldom 
affected; b^t involvement of the cardiovascular and centtul 
nervous systems has been reported. Discharges from the 
. .5..^.. i-ursof the oreseace of the treponemata in large numbers. 
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especially in the early stages. Their mode of demonstration is 
similar to that of T. pallidum. An antibody-hke substance, 
resembling the syphilitic reagin, apparently develops and so the 
Wasserroann and flocculation tests yield a high percentage of 
positive results. Organic arsenic and bismuth are likewise 
effective in the treatment of yaws, again revealing a close kinship 
of this disease with syphilis. 

Leptospira Icterohaemorrfaagtae. L. icterohaemorrhagiae was 
discovered by Inada and Ido in 1915 from cases of Weil’s disease. 
It is found naturally in the reservoir host, the wild rat, in the 
human lesions and for sometime in the moist soil and water con- 
taminated with rat’s urine. It seems likely that the parasite can live 
in water in a free-living state for several months. L. biflexa, usually 
found in water, has been suggested to be the free-living phase of 
L. icterohaemorrhagiae', they are morphologically indistinguishable. 

Morphology and Staining. This organism is 0. 15/i, 

with numerous, regular, very fine, primary coils and pointed ends, 
one or both of which are characteristically recurved (p. 2). 
The culture forms are longer than the tissue forms ; the organism 
is actively motile with rotatory or wavy movements. Films are 
stained by Giemsa’s or Fontana’s method and section by 
Levaditi’s. The closely wound texture is often lost in stained 
preparations; though the coils are opened out, the terminal 
curvature is preserved. Multiplication is by binary fission. It 
seems likely that distinct serological races ofL. icterohaemorragiahe 
exist in different regions. 

Cultivation is not difficult; it grows readily on Noguchi’s, 
Fletcher’s or Schuffner’s medium (p. 110). It is an aerobe; some 
regard it as microaerophilic. The optimum temperature is 
25*-30® C., but growth may occur at 37® C. The growth is slow, 
taking about a week. Cultures remain viable for four to six weeks 
at room .temperature. Bile salts dissolve L. icterohaemorrhagiae. 

Pathogenesis. L. icterohaemorrhagiae causes WcU’s disease. 
Natural infection of dogs and foxes with this parasite has been 
reported. 

Guinea-pigs are very susceptible and rabbits to a much less 
extent. The intraperitoneal inoculation is the best method of 
transmitting the infection; the infection can also be induced by 
rubbing the infectious material on the unshaven skin or the conjun- 
ctiva. Following infection, the guinea-pig develops high fever 
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Zh-ni f <“ *ys. GeneraEsed iamdin, 
multiple haemorrhages in lic./ungs and ahdonita! riscera aod 
ealMgement of the spleen are (he outstaodiog features ou post- 
wortem examlmtion. The liver and^.-kidney are both fciujd 
teeming with feptospirae. During the pre-icteric peiiod the 
or^aoiims are also found in fairly large numbersiin the blood. 

Weil s disease, or inf^tious /aundJee, -is an acute infectious 
disease^ etidcosic in many parts of the world acd occasiooslly 
breaking out in epidemics. It is widely prevalent - in 
Recently, several small epidemics have been reported from varioBS 
parts of Europe including Britain. It occurs in some parts of iadis, 
especially during the cold weathcrt hs incidence is heavy in the 
.^^ndaroans. Persons coming in contact with stagnant water ia 
the rat'-infested areas, labourers woriting in the damp fields, sewer 
mjcixrs„ mtaers and sofdiers in wet trenches arc the usual victioWr 


Hence Weil's disease j$ also an occupational disease Hals are 
the reservcir hosts. Up to 40 per cent, of Jir norvegicus are found 
infected in different regions. The parasite occurs Jo the blood 
and internal organs of the rodent, causing only a mild bftcdotv 
without jaundice. It is excreted in the urine which thus forms 
the disseminating agent of the infection. 

How exactly man acquires lie infection, is not clear. It is 
cot through bUe. The urine of the infected rats containing tie 
Icpfospira Contaminates the soil and water of the raMnfesl^ 
localities. It is known chat the parasite can remain viable iu 
these situations for relatively long periods. Man may be getting 
the infection through contact when working in such infested places 
oi wfaea wading or bathing in the infected water, the organism 
entering through breaks in tbc skin or mucous njcrabraoe. The 
leptospira can also enter through the intact surface; probably a 
sodden condition of the skin from continuous welting may favour 
penetration- The possibility of infection through contamiDatw 
food or water cannot he altogether ruled out, Homan infection 
with Z. canicola^ a natural pathogen of dogs, has been reported; 
jhb leptospira is less virulent to guin«a*P»SS than L Icterth 
haemrrhagiae and i% serologically distinct from it- • 

The incubation period is S-7 days. This js followed by ao 
inirial febrile period with high temperature and severe geaCTal 
disturbance and albuminuria lasting for. about six days when 
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jaundice,' usually deep, makes its appearance. The disease may 
^ sometimes be mild and unassociated with jaundice. The infection 
' may even be latent. Relapses may occur as in relapsing fever. 
\ L. iclerohamorrhagiae is hi^ly invasive and is present in the blood 
j during the pre-icleric period of the illness. U may scanty 

\ and difficult to demonstrate, especially towards the end ofthc 
i febrile period. The leptospirae disappear from the blood ^ith 
the onset of jaundice.' After the first ten days, it begins to be 
excreted in the urine and may persist in it up to forty or even sixty 
days. Probably under the infiuence of bile or acidity, the lepto- 
spira present in .the urine displays marked morphological aberra« 
tions and is often difficult to identify. The organism is present 
in the internal organs, in large numbers in the liver and kidneys. 
Its occurrence in the ccrefarospitiM fluid has been repotted. ' The 
mortality rate varies up to 30 per cent. 

Immunity. Antibodies Uke agglutinins and lysins are formed 
early in the disease. They begin to appear in the blood from the 
fifth day after the onset and progressively increase in titre, reach- 
ing a maximum concentration by the fifteenth day. Agglutinin 
titres up to T : 100,000 have been reported. After recovery anti* 
hodies persist in the blood for many years. In coniradistinclion 
to other, spirochaetal infections, recovery from Weil's disease js 
followed Ity immunity of a tugh de^ee and long duration. Con- 
valescent serum is found to possess protective properties,. 

Diagnosis. During the first week of the disease, examination 
of the blood should be carried out under dark field illumination 
as also after staining by Giemsa’s or Fontana's method. The 
number of organisms in the blood may be few or many. In -any 
oasc, the earlier the examination, the greater arc the chances 
of success. Failing llus, attempt should be made to cultivate 
the organism in any of the media mentioned under cultivation. 
The urine after the tenth 'day may likewise yield positive ’results 
by any one of the methods mentioned above. A catheterised 
spedmen should be centnfogahsed and the deposit examined. 
U is worth while remembering that the leptospira in urine may 
not always exhibit the characteristic morphology, and the close- 
set primary coils may be difficult to make out' even by careful 
examination. , . , / • 

The pathogenicity test is another important diagnostic pro- 
cedure. This is done by inoculating the guinea-pig with blood 
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enlargement of the spJeen are (he outstanding features on post- 
mortem examination. The liver and kidney are both found 
teeming with leptospirae. During the pre-ieterie period lie 
orgamsms are atso found in fairly large numbers in the blood. 

Weil s disease, or infectious jaundice, is an acute mfectious 
disease, endemic in many parts of the world and occasionally 
breaking out in epidemics. It is widely prevalent , in Japon. 
Recently, several small epidemics have been reported from various 
parts of Europe including Britain. It occurs in some parts of India, 
especially during the cold weather; its incidence is heavy in the 
Andamans. Persons coming in contact with stagnant water io 
the rat-inftisted areas, labourers working in the damp fields, sewer 
workers, miners and soldiers io wet trenches are the usual victims. 
Hence WeiPs disease is also an occupational disease. Rats are 
the reservoir hosts. Up to 40 per cent, of i?. nom^^evs are fosiad 
infected in different regions. The parasite occurs in the blood 
and internal organs of the rodent, causing only a mild infection 
without jaundice. It is excreted in the urine which thus forms 
the disseminating agent of the infection. 

How exactly roan acquires the iofectioo. is not clear. It is 
not through bite. The urine of the infected rats containing tie 
leptospira contaminates the soil and water of the rat-infested 
localities. It is known (hat the parasite can remain viable in 
these situations for relatively long periods. Man may be gettiPI 
the infection through contact when working in such infested place* 
or when wading or bathing in the infected water, the organism 
entering through breaks in the skin or mucous membrane. The 
leptospira can also enter through the intact surface; probably a 
sodden condition of the skin from continuous wetting may favour 
penetration. The possibility of infection through contaminated 
food or water cannot be altogether ruled out. Human infection 
with L. caniccla, a natural pathogen of dogs, has been reported; 

(his leptospira is less virulent to guinea-pigs than L. ictero- 
haemorrhagiae and is serologically distinct from it. 

The incubation period is 5-7 days. This is followed by an 
initial febrile period with high temperature and severe gcflcral 
disturbance and albuminuria lasting for- about six days when 
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Bact. coU or platelets in saline suspension and a 1 : 5 dilution of 
fresh guinea-pig serum. After incubating the mixture at 37® C. 
for half an hour, a slide preparation is made from it and examined 
under dark ground illumination. In positive cases, the bacteria 
or platelets are found sticking on to the spirochaetes ; in controls 
pul up with normal serum, it is absent. 

_ Prophylaxis. No specific prophylaxis is available. The des- 
truction of rats in mines, drains, fish curing yards and similar 
places, treatment of open wounds and abrasions on individuals, 
avoidance of suspected water source for bathing or other purposes 
and similar precautionary measures may reduce the incidence of 
infection. 

Treatment. Convalescent serum is of some value. Immune 
serum from the horse has been found to produce clinical improve- 
ment and reduce the mortality me to some extent. Chemo- 
therapy has proved ineffective. 

Leptospira Hebdomadis. L. hebdomadis Is the cause of seven- 
day fever in Japan. Unlike iQfcctiousjaundiee, seven-day fever is 
& benign condition, usually causing no jaundice and no mor- 
tality. The parasite is distributed in the tissues as in Weil’s 
disease'andls present in the blood during the febrile period, after 
which it is discharged in the urine, may be up to the fortieth day 
of the disease. 

L- hebdomadis is morphologically indistinguishable from 
'L. icterohaemorrhagiae but is serologically distinct. It is virulent 
to young guinea-pigs but does not cause such severe infection as 
with L. icterohaemorrhagiae nor always death. It is a primary 
pathogen of the' field mouse (Aficrotus montebeUoi), from which 
it is excreted in the urine. Man gets the infection probably 
in the same way as in infectious jaundice. 

Various other leptospiral infections with general resemblance 
to Weil’s disease, but much milder, have been reported from 
different regions. They are ascribed to different species of lepto- 
.spiral L. grippo-typhosa of swamp fever of Eastern Europe, 
L. autumnaJis of harvest fever of Japan and L. pyrogenes of 
Sumatra. Furtber'invcstigalJons are required to establish that 
they are separate species. 
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intense jaundice and dies in about lea days with tie characteristfc 
evidence of the disease (p. 6SI). The Icptospira in tie urine 
orjcn fails to produce the typ}ca} disease in the guiaea-pig, jaundice 
being conspicuously absent. The organism may likewise be 
few in the tissues. 


Serological reactions afford a very valuable altcrnaiive 
diagnostic procedure. Even in latent infections, antibodies are 
produced and serology is (he only method of revealing such cases. 

The agglutination test is done with the patient’s serum after 
the first five days of the illness. Either the microscopic or the 
macroscopic method may be followed. As it is probable that 
there arc different serological races of L. icUrohamofrha$iae, the 
use of pofyvafent antigen is preferable. A young Jiving cuhett 
grown in any Icptospira medium, or the same killed with 0*5 
per cent, formalin, may be used as the antigen. The gcnefiil 
technique of the test is the same as that in the Widal reaetioa. 
In the microscopic method, the aaiigen^andbody mixture should 
be incubated at 32“ C. for two to three hours when a drop of it is 
removed to a slide and e;tamincd under dark ground illuminaiioB. 
When living cultures are employed as antigen, clumping occurs 
in positive cases in the lower and lysis in the higher dilutions of 
the serum;' the latter phenomenon docs not occur with formO' 
Used culture. Usually, high litres, 1:640 or over, are obtaineo 
in positive cases, but, as in all agglutination reactions, a rising 
litre is the safest criterion. In the macroscopic test, the best 
results are obtained with an antigen standardised to contafc not 
more than forty organisms per field when examined under dark 
ground illumination with one-sixth inch objective. After addmg 
the anrigefT to the serum dilutions, the tubes are incubated for 
two to foi • ' ” ‘ ^ 

dilution of 

be repeated that a rising litre is the surest gmuu 
■ The Ricckcnberg reaction, also called the adhesion pbeno* 
mcnon or the thrombocytobarin reaction, is another useful dia- 
gnostic test (p. 627). It is done by mixing together equal volumes 
of an young culture of L. fcferahaemarrAag/iie, patient's serm. 
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Bact. coU or platelets in saline suspension and a 1 : 5 dilution of 
fresh guinea-pig serum. After incubating the mixture at 37® C, 
for half an hour, a slide preparation is made from it and examined 
under dark ground illumination. In positive cases, the bacteria 
or platelets are found sticking on to the spirochaetes ; in controls 
put up with normal serum, it is absent. 

Prophylaxis. No specific prophylaxis is available. The des- 
truction of rats in mines, drains, fish curing yards and similar 
places, treatment of open wounds and abrasions on individuals, 
avoidance o{“ suspected water source for bathing or other purposes 
and similar precautionary measures may reduce the incidence of 
infection. 

Treatment. Convalescent serum is of some value. Immune 
serum from the horse has been found to produce clinical improve- 
ment and reduce the mortality rate to some extent. Chemo- 
therapy has proved ineffective. 

Leptospira Hebdomadis. L. hebdomadis is the caure of seven- 
day fever in Japan. Unlike infectious jaundice, seven-day fever is 
a benign condition, usually causing so jaundice and no mor- 
tality, The parasite is distributed in the tissues as in Weil’s 
disease and 18 present in the blood during the febrile period, after 
which it is discharged in the urine, may be up to the fortieth day 
of the disease. 

L. hebdornadis is morphologically indistinguishable from 
'L. kterohaemorrhagiae but is serologically distinct. It is virulent 
to young guinea-pigs but does not cause such severe infection as 
with L. icterohaemorrhagiae nor always death. It is a primary 
pathogen of the' field mouse {Microtus montebelloi), from which 
it is excreted in the urine. Man gets the infection probably 
in the same way as in infectious jaundice. 

Various other leptospiral infections with general resemblance 
to Weil’s disease, but much milder, have been reported from 
different re^ons. They are ascribed to different species of lepto- 
, spiral L. grippo-typhosa of swamp fever of Eastern Europe, 
L. autumnalis of harvest fever of Japan and L, pyrogenes of 
Sumatra. Further investigations are required to establish that 
they are separate species. 
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JiHrltsia h the generic name applied to a group of micro 
organisms whose systomatic position seems to lie between bacterij 
Oft the one hand and viruses on the other. The generic name waj 
first applied by Da Rocha-tima (1^16) in honour of RickeSU whe 
was the first to describe these organisms. In their gcoerai inor* 
phohSy tiJC rickettsiae resemble the bacteria. But to their non- 
cultivabih'ty in hTcfcss ccfl-frce media, they dififer from bacteria 
and resemble the viruses. Practically all doubts about their 
living nature have been set at rest and they are now considered 
as living things, capable of growth and multiplication. The first 
one to be described was the ridetuis of Rocky Mouctato spotted 
fever by Ricketts in 1909. Since then, several species, about 
fifiiy, have been described, some of which arc Rmnd to constant 
association with diseases io man and lower animals and are coa^i* 
detod pathogenic. 

Ecology, Itickeusicc are natural parasites found in fee 
alimentary canal of certain arthropods, such as lice, fleas, ticks, 
mites and hugs. There they /i\'c either extraceliuiariy in fee 
lumen or intracellularly in the epithelial cells lioing the canal. 
They are not known to cause any harm to their natural 
Jjosis except lice, but some are pathogenic to the mammalian 
hosts on which these arthropods arc ectoparasites. The pathG' 
genic rickeltsiae lead an i/itnicenular life whether m the tissues 
of tiieir animal hosts or in the alimentary tract of their oatuml 
arthropod hosts. These insects are the natural transmltlcrs of 
infection. ' 

Morphology and Staiatog. Generaiiy, the rickettsiae do not 
pass through the usual bacterial filters. They are coeco'id, diplo- 
coccoid or bacillary in form, measuring 0-345'$ x 0-3 micron 
in size. ThO' are very pleomorphic arid elements up to 2 microns 
long may be encountered. They occur singly, in pairs and often 
in irregular masses. The majority of them are flon-motile. 
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Studies with the electron microscope indicate that in general 
structure the rickettsiae resemble the bacteria. 

They are dilBcuIt to stain and when stained exhibit a hazy 
outline. They are Gram-negative. By Giemsa’s method they 
stain reddish purple and by Oistaneda’s method they stain bine, 
thus difiering from ordinary bacteria. The coccoid forms arc 
stained uniformly, whereas the bacillary forms often display 
bipolar staining. 

Cultivation. With the exception of R. melophagi, a non- 
pathogcnic form, Rickettsio has never been cultivated on arti- 
ficial media free from living cells. But they grow and multiply 
in tissue culture (tissue-plasma or tissue-Tyrode medium) and in 
the chorio-allantoic membrane of the developing chick. In these 
media multiplication of the organism occurs entirely within the 
host cells which finally die and disintegrate, liberating the rickettsia 
bodies. Such artificially grown pathogenic rickettsiae maintain 
their virulence, as can be readily proved by animal inoculation. 

Very little is known about their biochemical and metabolic 
activities.’ In resistance to bactericidal agents they resemble the 
vegetative forms of bacteria. They are resistant to drying and 
glycerine, recalling the behaviour of viruses towards these agents. 
Outside the host cell rickettsiae do not remain viable for more than 
a very brief period, unless it be in the excreta of the insect vector. 

lanmiolty. Recovery from on attack of rickettsial disease 
Usually confers solid and lasting immunity. In natural as well as 
experimental infections agglutinins interacting with the specific 
rickettsia and with the X strains of Proteus, originally isolated 
from typhus patients, are found to develop. This is the basis of 
the Weil-Felix reaction. Recently, specific complement-fixing 
antibodies have been shown to be present in the sera of .patients 
suffering from epidemic typhus. It is reported to be highly species- 
specific. Protective antibodies also seem to form both as the 
result' of natural infection and of active artificial immunisation.^ 

The Wcil-Felix reaction is an apparently non-specific rea- 
ction first observed by Weil and Felix in J9I5 (p- 480). They 
found that certain Proteus strains,' which they isolated from 
jlyphus patients and called X2 and X 19, were agglutinatod in 
the presence of typhus sera in high dilutions, often’as high as 
il:50io00 or more. Subsequently, several mOrc strains have 
'been isolated from cases of epidemic typhus, but they were found 
■N 
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Rickettsia is the generic name applied to a group of taicro- 
organisms Vi'hose systematic position seems to Jie between hsctens 
on the one hand and viruses on the other. The generic nahjc was 
first applied by Da Rocha-Lima (1916) in honour of Ricketts who 
was the first to describe these organisms, fn their general laof* 
phology the rickcttsiac resemble the bacteria. But in their noo- 
cultivabiUty in lifeless cell^free media, they differ from bacteria 
and resemble the viruses. Practically ail doubts about tbeir 
living nature have been set at rest and they are now considered 
as living things, capable ofgronib and rauhiph’cation. The first 
one to be described was the rickeltsia of Rocky Mountain spotted 
fever by Ricketts in 1909. Since then, several species, about 
fifty, have been described# some of which are found iu constant 
association with diseases in man and lower animals and are consi* 
dered pathogenic. 

Ecology. Rickettsiae are natural parasites found in the 
ah'menfar)’ canal of certain arthropods, such as lice, fleas, ticks, 
mites and bugs. There they live cither extraccJlularly in ib’e 
lumen or intraceUuiarly in the epithelial cells lining the canal. 
They are not known to cause any harm to their natural insect 
hosts except Ike, but some arc pathogenic to the mammalian 
hosts on which these arthropods are ectoparasites. The palho* 
genic rickettsiae lead an intracellular life whether in the tissues 
of tkeir animal hosts or in the alim^taiy tract of their natural 
arthropod hosts. These iasects arc the natural traosm'jtlers of 
infection. ' 

' Morphology and Staining. Generally, the riefcettsiae do not 
pass through the usual bacterial filters. ITiey are coccoid, diplc* 
coccoid or bacillary in form, measuring 0-3--0'5x0'3 micron 
in sixe. They are very plcomoiphic and elements up to 2 raiaons 
long may be encountered. They occur singly, in pairs and often 
in irregular masses. The majority of the*^ 
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Certain other strains of Proteus were found to agglutinate 
with sera from tsutsugamushi patients but not with typhus sera. 
These were designated OXK strains. The work was soon extended 
and it was found that sera from the Rocky Mountain spotted 
fever group of rickettsial diseases agglutinated all the X strains, 
but only in low litre (see Table XXI). On the basis of this agglu- 
tination reaction, therefore, the rickettsial diseases can be classified 
into Uiree groups : the typhus group, the tsutsugamushi group and 
the Rocky Mountain spotted fever group. 

Pathogenicity. The rickettsiae do not cause disease in their 
natural arthropod hosts except lice. Experimentally some species 
are pathogenic to guinea-pigs and monkeys. Following the 
intraperitoneal injection of infected blood into a guinea-pig, a 
febrile reaction starts after an incubation period of 5-12 days. 
Certain species produce a characteristic scrotal reaction, some- 
what similar to the Straus reaction, called the Neill-Mooser 
Reaction^ Certain cells of the scrotal sac are found crammed 
with the parasite. The ricketlsla bodies are present in the blood, 
targe number of them are also found in the spleen and brain. 
The infection is not always fatal to the guinea-pig. 

Four species of Ricketisiae arc pathogenic to man and one 
to lower animals.'- 


R^prowazeki 
R. ricketisi 
R. nipporiica 
(R. orientalis) 

R. qulntana 
R. ruminantium . . 


Typhus fever 

Rocky Mountain spotted fever 
Tsutsugamushi 

Trench fever 

Heart water of sheep, goats and cattle 


Several serologically different types of Rickettsiae have been 
described as causing typhus fever in different regions. Whether 
they are only serological races or they are distinct species, is still 
Undecided. Bodies resembling rickettsiae have been recently 
described in trachoma and psittacosis. But their aetiological rela- 
tionship to these diseases has yet to be proved. 

With the exception of trench fever, all the rickettsial diseases 
resemble one another closely in their method of transmission 
and clinical course. They arc of world wide distribution, but 
certain types are found predominantly in certain areas, probably 
depending upon the distribution of the specific vectors and rcser- 
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to be much less sensitive. As.the'Mtijen concerned wilt tte 
reaction is the heat stable smooth soroalic type, these slraiet 
are commonly referred-to as OX strains. -.‘The H antigen to 
nothing to do with this reaction,i- ■ From this the importance of 
employing the O antigen in the agglutination test is qnile 
manifest. 

The production of a^utinins against these proteus strains 
does not indicate that the latter are in any way actiologica% 
related to the disease. Nor is there any evidence to sustain the 
contention that Ricksusiae constitute a stage in the life cycle of 
Proieus. As mentioned above, agglutinins against the spcdfic 
ricketisia ate also developed simultaneously with, or rather earlier 
than, the Proteus agglutinins. Absorption tests show that ific 
proteus organisms absorb only the Weil-Felix agglutinins, while 
the rickettsiae absorb both the Wcil-Fcluc and the ticktttsh 
agglutinins. It is, therefore, highly probable that (he wactioa 
depends upon the presence of some common antigenic eomponwl 
in these two groups of organisms. This common substance scea^ 
to be a specific polysaccharide hapten. It may be noted that this 
is a purely random distribution as there is no biological relation* 
ship between RickeitsUse and Proteus. 

TABLE XXI 


Rickettsial Diseases of Man 


— ; 




1 Weil-Eclut Reaction 1 

Disease 

lUckettsia 

Insect 




Vector 

0X19 

|oX2 

OXK 



Epidemic typhus 

Endcroic or murine typhus . . 

R.prowaze^ 
R. mooseri 

louse 
Rat Rei 

+ + + 
+++ 

+ 

•f- 

- 

Shop typhus 






Touion fever 
'j^ttuugamushi 

Scrub typhus 

Mite typhus ofSumalra .. 

R. crlettli^a 
'R. itippff/tica) 

Mite 

larva 


- 

■f-i 

Rocky Mountain spotted 
fever 

R. riekethi 

rick 

+ 

+ 

+ 

Fidvre boutonneuse 

Sao Paulo typhus 

Indian Tick Typhus 

Trench fever 

Q fever of Australia . .1 

B. cpfntaaa 
R.humett . 

Louse 1 
TjcI: 

- 

- 
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sites are found in large numbers in the intestines and the faeces 
of infected lice. The exact mode of transmission, whether it is 
through bite or through the agency of excreta rubbed in through 
the bite puncture or other abrasion by scratching, is not definitely 
known. In the louse hereditary transmission of infection does 
not ‘occur. The infected lice usually die in about two weeks. 
The parasite remains viable with undiminished virulence for many 
days in the dried faeces of lice.; It has been shown that labo- 
ratory animals can be infected oy the intranasal inoculation of 
infected material.' From these observations it would seem 
possible 'that inhalation of infected material may be another 
method of natural transmission. 

The incubation period ranges between 5 and 20 days with 
an average of 14 days. The fatality rate is high, varying from 
20-60 per cent. One attack usually confers substantial immunity, 
but it may not be lasting. Second attacks are milder, A certain 
degree of endemic immunity has also been found to exist in 
endemic areas. 

A generalised macular or haemorrhagic rash appears on the 
fourth to the sixth day. The spleen is moderately enlarged, soft 
and pale pink in appearance. The essential lesion consists of 
focal damage of the capillary and prc-capillary vessels, chara- 
cterised by endothelial proliferation, swelling and necrosis with 
thrombosis and by the formation of p^fivasoilar nnHuic*; caused 
by the exudation of lymphocytes, plasma cells and monocytes. 
The commonest sites of these lesions are the brain, skin, heart, 
kidneys, adrenals, testes and epididymcs. 

During the febrile period the parasites are present in the 
blood where they seem to remain closely adherent to the red cells. 
They are also present in the vascular lesions and in the spleen, 
brain and other organs. They can be demonstrated micro- 
scopically in the endothelial cells lining the serous cavities and 
la the vascular endothelium in the characteristic vascular lesions 
described above. But their presence can be more easily established 
by animal experiments. The disease is transferable to monkeys 
^nd guinea-pigs. Blood drawn at the height of the illness and 
inoculated intraperitoneally into guinea-pigs produces fever in 
the animals after an incubation period of about nine days. The 
febrile reaction continues for about five to eight days, duriag wiiich 
the blood of the animal is infective to fresh guinea-pigs or 
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^ indicated above, they are traiaiivdy classified m 
hrcc groups: the typhus. Rocky Mountain spotted fever and 
tsutsugamushi groups. The Australian -Q fever may have to be 
added as a fourth group. Trench fever is also classified provi. 
sionally as a rickettsial disease (sec Table on page 65S). 

The Typhus Group. This group includes epidemic typbs 
and endemic typhus. These are also referred to as tbc European 
type and the murine type respectively. Tabardillo of Mexico, 
a lousc-bornc disease with epidemic characters, is considered 
to be a form of epidemic typhus, but it is included under endemic 
typhus by some writers. Brill’s disease is considered by some 
as a mild farm of endemic typhus while by many others as a 
mild form of epidemic typhus. There is now increasing evidence, 
based on serological studies, to favour the view that Brill’s disease 
and endemic typhus arc distinct entities. These questions await 
final decision. 


T)'phus. Typhus, also known by several other names, such 
as epidemic typhus, typliii* exanthematicus, gaol fever and camp 
fever, is an acute infectious disease now accepted to be due to 
R. prowa:ekl. Poor standard of pCTSonal hygiene, general insani- 
tation, overcrowding, poverty and famine conditions are all 
important predisposing causes. Hence, the disease is mostly 
found in backward countries, in the lower strata of socieQ^ and 
in association with large assemblages of people as occur during 
war time, in barracks, concentration camps and prisons. Typhus 
has been associated with all the great wars of history. It is esti- 
mated that 315,000 persons died of typhus in Serbia during the 
Balkan war of 1915. At the close of the 1914-18 war ft was 
prevalent in Poland, Russia and the Balkan States, the recorded 
deaths due to it running into millions. During the recent 
war, there was a definite increase in its occurrence in £i^ 
and North Africa, At the present time the endemic foci are 
China, Af^anistan. Iran, Iraq, Turkey, Russia, the Balkaa 
States, Sp.ain, parts of France and Germany, Central and South 
Africa and Central and South America. India is free from ft, 
except possibly the extreme north west The greatest prevalence 
of typhus is in winter. 

Ttansmissloo. The transmitting vector is the louse, F. corpons 
and probably also capitis. Tbc reservoir host is the. sick maw 

hv suetinc his blood the louse becomes iofected. The pars- 
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sites arc found in large numbws in the intestines and the faeces 
of infected lice. The exact mode of transmission, whether it is 
through bite or through the agen<^ of excreta rubbed in through 
the bite puncture or other abrasion by scratching, is not definitely 
known. In the louse hereditary transmission of infection does 
not 'occur. The infected bee usually die m about two weeks. 
The parasite remains viable with undimmished virulence for many 
days in the dried faeces of lice. It has been shown that labo* 
ratory animals can be infected by ih© intranasal inoculation of 
infected material. From these observations it would seem 
possible that inhalation of infected material may be another 
method of natural transmission. 

The incubation period ranges between 5 and 20 days with 
an average of 14 days. The fatality rale is high, varying from 
20-60 per cent. One attack usually confers substantial immunity, 
but It may not be lasting. Second attacks arc milder A certain 
degree of endemic immunity has also been found to exist in 
endemic areas. 

A generalised macuiar or haemorrhagic rash appears on the 
fourth to the sixth day. The spleen is moderately enlarged, soft 
and pale pink in appearance. The essential lesion consists of 
focal damage of the capillary and pte-capillary vessels, chara* 
ctcrised by endothelial proliferation, swelling and necrosis with 
thrombosis and by the formation of peruasciilar nndute caused 
by the exudation of lymphocytes, plasma cells and monocytes. 
The commonest sites of these lesions arc the brain, skin, heart, 
kidneys, adrenals, testes and epididymes. 

During the febrile period the parasites are present in the 
blood where they seem to remain closely adherent to the red cells. 
They are also present in the vascular lesions and in the spleen, 
brain and other organs They can be demonstrated micro- 
scopically in the endothelial cells hoing the serous cavities and 
in the vascular endothelium m the characteristic vascular lesions 
described above. But their presence can be more easily established 
by animal experiments. The disease is transferable to monkeys 
3nd guinea-pigs. Blood drawn at the height of the illness and 
inoculated intraperitoncally into guio egjfugs produces fever in 
the animals after an incubation period of about mne da^^ s. Jhe 
febrile reaction continues for about five to eight days, during which 
the blood of the animal is infective to fresh gumea-pigs or 
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srand infeciion. By sjmrfar aperimen!s, (he spleen, brain and 
other organs can be shown (o coatah the organism. RkieUsu- 
See louse, experimentally fed on the patient’s blood, dnelops 
the parasite in the lining epithelial cells of the intestine and be- 
comes infective to monkeys and guinea-pigs in four to five days 
after the feed. Jn the absence of suck development of the para* 
site, the louse does not become* infective to other animals. It 
may be noted that all lice fed on typhus cases do cot become 
infected; a fair proportion, less than half, escapes infection. 

Disgoosli, The WetUpelix reaction is a valuable diagnostic 
test (p. 657). But it does not serve to difTercntjate typhus from 
Rocky mountain spotted fever, as a positive reaction is obtained to 
the same antigen in the latter disease also. The agglutination rea- 
ction using the specific rj'ckcttsla has not been developed as a 
routine measure. It may be of assistance in the differential 
diagnosis. The Weil-Fclix reaction usually becomes positiw 
by the end of the first we ek>^ fevers the positivity reaching its 
height towards the close of the jllaess and fhereaftcr vaoi^g 
rather rapidly. As in the case of the Wid^iJ£sJ^ it should H 
repeated and a rising titre given greater value. The lest is per* 
formed in the same manner as the Widal test but using a suspefl- 
sion of OX 19 as the antigen instead of the enteric antigen. 0X2 
is less sensitive. A live culture is more salisfactoiy. Typhus 
sera often give a litre between 1:10,000 and 1:100,000. It - 
should be borne in mind that a litre of 1 : 320 may be givw by 
other diseases causally unrelated with the rickettsia orgamsms* 
Some workers, however, consider that a titre of 1 : 100 or above 
is diagnostic. It is of importance to reraember that an anans- 
nestle response of Proteus agglutinins occur in many febn'ie condf* 
tions, particularly in typhoid fever. Whereas in the latter the 
titre of its agglutinins continues to rise, that of the former does j 
not do so after the first week. 

Recenliy, it has been shown that a positive complemeot-b^ 
tion testis obtainable with the sera of typhus cases. A positive test } 
is obtained in the second week and remains so for a very long tune- ' 
That this serves to differenlialc OT>hus fever from Rocky Mountain 
spotted fever, may turn out to be of great practical value. 

Prophyhixis- The preveatioo of typhus rests on two factors; 
ibe control of lice and vacdaatioiL Towards , of lice aU 



RrCKETTSIA 


663 


»n 


patients and their contacts and all persons coming from typhus 
infected areas should be completely delouscd. Their cfothing 
and bedding must be thoroughly disinfected by the employment 
of heat, pediculicide powders or chemicals. D-D.T. has been 
very successfully used during the recent war in controlling epi- 
demics of typhus. 

Immunisation against typhus has been done with attenuated 
richettsia. But it is nsky The vaccine now employed is dead 
rickettsia, killed by formaldehyde or phenol. In the Wcigl’s 
method rlckettsia is obtained by the intrarectal cultivation of 
the parasite in lice. Obviously, this type of vaccine cannot be 
prepared on any large scale. Vaccine prepared from about two 
hundred hce is necessary to immunise one person. This vaccine 
seems to yield good results. A second source of rickettsia for 
the preparation of vaccine is from the growth obtained in the 
yolk sac of the developing chick embryo (Cox's vaccine). 
Another source is from the lung of rabbits, rats, or mice infected 
intranasaily with the organism. Three iniitial doses, seven to 
ten days apart, followed by a single dose every four to six months 
are recommended. The degree of protection that vaccines confer 
and its duration are both not well known. It may not entirely 
prevent infection but modifies the course of the disease consi- 
derably. 

Endemic Typhus. The name R. mooseri has been given to 
the organism of endemic typhus. It is probably only a variety 
of R. prowaseki. The reservoir host of the parasite is the rat. 
Due to this association the disease is also referred to as murine 
typhus. Brill’s disease is considered by some as a mild form of 
it. Rat fleas (X. cheopis) and cat licc transmit the infection from 
Tat to rat. The salivary glands of the infected fleas do not show 
the parasite. Transmission to road is probably through the 
agency of infected faeces. Once infection is established in man, 
lice can transmit it and epidemics of louse-borne murine typhus 
have been reported from Mexico. Generally speaking, endemic 
typhus is clinically less severe than epidemic typhus. Jt would 
seem that the virulence of the parasite has suffer^ by its sojourn 
in the flea host as compared to that of the louse-borne strain. 
With this parasite the NeiU-Mooser reaction is obtained in the 
male guinea-pig. When the animal is inoculated intraperitoncally 
■with the infected material, it is followed by an inflammatory 
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KO d infection. By similar experiments, the spleen, brain and 
the organs can be shown to contain the organism. Riclettsia^ 
free lotis^ experimentally fed on (he palienfs Wood, deve!« 
the parasite m the hnmg epithelial cells of the inteslinc and b^ 
comes jDfectivc to monkeys and guinea-pigs in four to five days 
after the feed. In the absence of such development of the para- 
site, the louse does not become infective to other animals. It 
may be noted that all lice fed on typhus cases do not hccorae 
infected; a fair proportion, less than half, escapes infection. 
Diagnosis. The Weil-Felix reaction is a valuable diagnostic 
test ^p, 657). But it docs not serve to differentiate ty^us frons 
Rocky mountain spotted fever, as a positive reaction is obtained to 
the same antigen in the latter disease also. The agglutinafioa rea- 
ction using the specific rickettsia has not been developed as a 
routine measure. It may be of assistance in the di/Tcrential 
diagnosis. The Wcil-Fclix reaction usually becomes positive 
by the end of th e, first week^ fever, the posUivtty K&cbisg its 
height towards the close of the illness and thereafter vaaishing 
rather rapidly. As in the case of the W^Llsst^ should be 
repeated and a rising titre given greater value, "nie lest is per- 
formed in the same manner as the Wjdal lest but using a suspen- 
sion of OX 19 as the antigen instead of the enteric antigen. OX 2 
is less sensitive. A live cultuie is more satisfactory. Typhus 
sera often give a litre between 1:10,000 and I .*100,000. It 
should be borne in mind that a litre of 1 : 320 may be given hy 
other diseases causally unrelated with the rickcltsia organisias. 
Some workers, however, consider that a litre of 1 : 100 of above 
is diagnostic. It is of importance to remember that aa anam- 
nestic response of Proteus agglutinins occur in many febrile cob i 
tions, particularly in typhoid fever. Whereas in the latter toe 
titre of its aggiutinips continues to rise, that of the former docs 
cr, after the first week. ^ ^ 


is obtained in the second ween aiiu - - - ' . ' , , , t„ 

That this serves to differentiate typhus fever from Rocky Mounta 
sDotted fever, may turn out to be of great practical value. ^ 

^ Prophylaxis. 11iepreveiitionoft'-«J'»=’-^«fs««t^™fa^*'>^- 
(he control of lice and vaemoatioa. T 
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Indian Tick Typhus. A lyph«s-Eke disease has hcen reported 
from several parts of this country — the Kumaon Hilts, the Simla 
Hilts, Meerut, Bengal, Assam, Madras, Bangalore and others. 
Its epidemiology has not been worked out. The vector is un- 
known; some believe It to be a tick. The disease is probably 
related to Rocky Mountain spotted fever. The agglutination 
test with OXK has been reported to be positive from some of 
these places. 

TsQtsQgamushi. The causative organism of this disease is 
JR. nipponica. At one time tsuisugamushi was thought to be 
confided to Japan It is probably identical with the scrub typhus 
of Malaya, the mite typhus of Queensland in Australia and the 
pseudotyphus of Sumatra. It is also prevalent m the Philippines 
and other islands of the Pacific The natural reservoir of infe- 
ction is the field vole (^ficrolus montebelhi) and other rodents. 
From them Leptus akamusM, the larval form of the mite 
Trombicula akamushi, conveys the infection to man. The adult 
talte in Malaya and Sumatra is T. dehensis. The adult mites 
do cot feed on animals, but their larval forms are ectoparasites 
on rodents. There is probably transmission of infection from 
the infected larva through its subsequent stages to the progeny. 

■ The aggluttnaiion reaction with OXK gives a positive of 
1; 160 or more usually by the tenth day, reaching the peak litre 
by about the commencement of convalescence. The reaction is 
negative with OX 19 and 0X2. There is no specific treatment 
for the disease. Preventive measures arc directed towards keep- 
ing off mites and their larvae No prophylactic vaceme has been 
developed against tsuisugamushi. 

Q Fever of Australia. It is of recent discovery. The orga- 
nism responsible for it has been termed R burneti. The tick seems 
to be the iransraiUing agent and the bandicoot the animal reser- 
voir. Hereditary transmission probably occurs. The organism 
is readily filterable through the ordinary bacterial filters, thus 
differing from other known ^ectes of pathogenic nckettsias. 
Another difference is that no a^lutinins for any of the X types 
of Proteus are found in the Wood of Q fever patients. 

Trench Fever. Trench Fever, or Wolhynian fever, is another 
disease generally considered to be of rickettsial ongin. Attention 
was first drawn to it during the 1914—18 war, but due to its dis- 
appearance after it, there was no tq^ortunity to study its aetiology 
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in the endothelial cells. Jt. prowazeki does not jive rise to «ny 
such reaction. . ^ 


Endemic typhus was first described in the coasta) townt of 
the United States. Subsequently, it has been found to have a 
world Wide distribution, preferring coastal to inland areas. 
Toulon fever and the urban typhus of Malaya are identical with 
u. The greatest prevalence of endemic typhus is during summer. 
As in epidemic typhus, the Weil-Fclix reaction is positive in hi^ 
litres and so seldom serves to diiferentiatc between these two foncs 
of the disease. Recent investigations tend to show that aggluti- 
nation test done with the specific rickettsia may be employed for 
rfifibrentiai diagnosis. Prevention is by rat control. 

Rocky Mountain Spotted Fever, The causative agent is 
R. ricketisi. It was in this disease that rickettsia bodies were 
first detected by Ricketts in 1909. Ticks are the transmitting 
vectors ; Dermscen^r nndersofti and Dermacentor variabills an 
the more common transmitters. Hereditary transmission occurs 
in ticks. The natural reswroir of infection remains undefined. 
In Brazil the disease is called Sac Paulo typhus. 

Agglutinins for OX 2 occur more frequently in this disease 
than in epidemic typhus. When agglutinins for both 0X19 
and OX 2 develop, those for the former show higher titres than 
those for the latter. Agglutinins for OXK are also said to be 
formed in this disease but in low titres. The coroplement-fitatioa 
test using the specific rickettsia as antigen gives a positive reacdoc 
in the second week of the disease. The Neill-MoosCT reaction 
is said to be positive in spotted fever. 

No specific treatment has been so far successful. Preventive 
methods should be aimed at the eradication of ticks. Propby* 
lactic vaccination is still in the experimental stage. 

Boutonaease or MarseBcs Fever. This is another rickettsial 
fever and is closely related to Rocky Mountain spotted fever. 
The term R. co»ori has been given to the causative rickettsia,' 
probably it is only a variety of R. ricketisi. The transmitting 
agent is the dog tick, Riiipiccphalus jan%u\neus. The disease is 
common in the Mediterranean regions, Kenya and in some ^rts 
of South Africa. The Wcil-FeJix^reaction gives a weak positive 
for, both OX 19 and 0X2 strains. Specific agglutinins are said 
to develop late in the disease. . 
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of the animal contains large number of organisms. The nodular 
form can also be reproduced by subcutaneous inoculation of the 
material into the eyebrows of monkeys. Numerous organisms 
are found in such experimental lesions. 

Recovery from cither form of the disease is said to confer 
lasting immunity. It has been reported that agglutinins are 
present in the blood in the early stages of the disease, although 
they disappear from it soon. ‘ * 

Bartonella muris, a similar organism, appears to cause a 
latent infection in rats. The occurrence of this is of some pra- 
ctical importance in rat experiments. Splenectomy brings out 
the infection and the red cells are seen infected. The spleen 
probably keeps them under check. Bartonella canis is said to 
cause an anaemic infection in dogs. 
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iney are present in the urine of ^tients. 


BartoneDa BaciJJifnrmis 


Sarionelta bacilli/ormis causes oroya fever, & disease preva- 
kne in Pew, Columbia and Ecuador. The taxonomic positioa 
of it stifi renjams undetermined. From the inttacchuhr position 
of the parasite some workers are Inclined to regard it as closely 
related to Jlicke/tshe, 


The chief features of the disease arc intermittent fever, intense 
anaemia of the megaloblastic type and a high rate of fatality, 
parasite is found in tbe blood invading the red cells and nay 
be demonstrated in blood smears stained by the Gicnjsa tecbniqtfc. 
Noguchi has established the causal relationship of SaftentUa 
haeillifomis to another cItnicaHy dissimilar disease, vcrwgi pecu- 
viana, characterised by a nodular eruption. In the lissut maero* 
phages of the lesion tb« organism is found in large numbers; He 
has proved the serological identity of the organisms isolated from 
these two apparently distinct disease entities. Sandflies, fUzW 
lontus verrucarum and Fhletoromus noguebu, serve as trans- 
mitting vectors of Infection. 

Sartortelh bacilUfamis is a rod-shaped pleomorphic orga- 
nism, micron x,0-3-2'5 microns in sue, occurring 

singly, in end to end pnirs and short chains. Coccoid and dumb- 
bell forms also occur. It is actively motile and Oram-ntpdve. 
By Giemsa’s method it stains reddish violet with an indistinct 
outline and sometimes with a reddish purple granule at one end. 

It has been cultivated jfl a semi-solid medium containing serum 
and haemogiobia and also on solid media containing horse blood. 

Jt seems to require for growth the X factor but not the V factor. 

It is aerobic. 'The optimum temperature h C It can 

survive long in artificial media. 

TBe organism is infective to monkeys. Intravenous mocii* 
Jalion with the infected material results in the production of an 
disease as oroya fever, but without anaemia. • The blood 
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of the animal contains large number of organisms. The nodular 
form can also be reproduced by subcutaneous inoculation of the 
material into the eyebrows of monkeys. Numerous organisms 
are found in such experimental lesions. 

Recovery from either form of the disease is said to confer 
lasting immunity. It has been reported that agglutinins are 
present in the blood in the eariy stages of the disease, although 
they disappear from it soon. 

Bartonella muris, a similar organism, appears to cause a 
latent infection in rats. The occurrence of this is of some pra- 
ctical importance in rat experiments. Splenectomy brings out 
the infection and the red cells arc seen infected. The spleen 
probably keeps them under check. Bartonella canis is said to 
cause an anaemic infection in dogs. 


CHAPTER XXXV 


nLTERABLE VIRUSES 


. Viruses, or filterable viruses, are the smallest known infe* 
ctive agents that cause disease in man, animals or plants. iLike 
bacteria, they have the capacity to invade, grow and multiply 
in the living tissues and in so doing incite the production of 
immunity. Viruses exhibit some of the essential attributes of 
life and arc regarded as living things. They show the power of 
metabolic assimilation, reproduction and reaction to changes of 
environment and adaptation. In the possession of a definite 
antigenic make-up with chemical specificity they resemble the 
bacteria. Taxonomically, they occupy a position lower tl^ 
that of the rickettsias. As a class, they differ from bacteria ifl 
certain respects. They readily pass through filters that hold 
back bacteria and so the term filterable is applied to them. Un- 
like bacteria, viruses are too minute to be seen distinctly by ordi- 
nary microscopy and so they are often referred to as ultra- 
microscopic. They do not grow on any culture media usually 
employed for the cultivation of bacteria but require the prescnca 
of living cells for growth. For the above reasons, their existeaa 
has to be recognised by the efifcct that they produce in susceptibl! 
animals. These peculiarities also render their study far raoft 
difficult than that of bacteria. Neither the microscopic nor the 
ordinary cultural procedures can help us much. Consequently, 
our knowledge about them remains very meagre. The position 
of bacteriophage is unsettled. In point of size it is akin to th« 
virus* it is probably a virus parasitising bacteria. 

Other distinctive features ore their intimate relationship 
with the host cells and the formation of inclusion bodies in thS: 
affected cells. Viruses also exhibit a marked aflimty for certain' 
tissues They are highly invasive, provoking little or no reactiofl 
ct the site of entry. None of the viruses synthesises any exotoxin. \ 
Zr.. :«frAn„/.ntlv. thcv confcT on the surviving hosts more soj/dj 
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and lasting immunity than bacteria. Resistance to glycerine is 
another characteristio feature of most of the viruses. , 

'The earliest 'observation that a filterable virus may cause 
disease was that oMwanowski who, during his investigation into 
the aetiology of the mosaic disease of the tobacco plant, demon- 
strated (1892) that a filter-passing agent was responsible for that 
disease. This was confirmed by BcijenncV (1898). Next, Locffier 
and Frosch (1898) by their crucial experiment showed that 
bacteria-free filtrate from the vesicular fluid of foot'aod-mouth 
disease of cattle reproduced the disease oi\ experimental inoculation 
into these animals. Since then, the causal relationship of a large 
group of infectious diseases of man, lower animals, insects and 
plants with .specific viruses has been established. 

Ffitratioo. All the earliest observations on viruses were 
made with filtrates of pathological materials passed through 
bacterial filters and fiUerabiUty, therefore, came to be regarded 
as an important criterion. Then it was found that some of the 
viruses, like those of varicella and herpes zoster, were retained 
by the filters, although they exhibited all the group characteristics 
of viruses. The list of such non-filter-pasung viruses is in- 
creasing with more careful studies with improved methods. On 
the contrary, the mere passage through a bacterial filter does not 
always justify the term filterable virus. For instance, certain 
minute bacteria and flexible slender spirochaetes also filter through 
bacterial filters. For these reasons, the term filterable virus is 
not quite accurate. 

• The conditions of filtration have an important bearing on 
filterability. , The filters commonly employed .are the iBerkefeld 
N and W, Chamberland La and L* and Scita E.K. types (p. 149). 
Though their pore size is in the neighbourhood of 3 microns, 
they retain all organisms above 0*25 micron in size, .Clearly 
then, filtration, is not a simple mechanical process, depending 
only on the siie of the pores and the size of the organisms. But 
it is profoundly influenced by various other factors, such as the 
composition and the electrical charge of the substance of the 
filter, the electrical charge of the material to be filtered, plasticity 
of the organisms, presence and concentration of any protein 
matter in the filtration fluid, the reaction of, the fluid and the 
temperature, pressure and duration of filtration. The ordinary 
filters usually consist of positively charged cations of magnesium 
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T Viruses, or fiKerabIc Wruses, are (he smalfest fcnowii infc. 
ctive agents that cause disease in man, animafs nr,_p/aa(s. 
bacteria, they have the capacity to invade, grow and multiply 
ui the living tissues and in so doing incite the ptoduction of 
ftnniunity. Viruses exhibit some of the essenlfal allrihutcs of 
life and are regarded as living things. They show the power of 
metabolic assirndafion, reproduction and reaction to changes at 
envifonraeot and adaptation. In the possession of a definite 
antigenic makc'Up with chemical specificity they resemble lie 
bacteria. Taxoflomically, they occupy a position lower than 
that of the fief^ettsfas. As a class, (bey ditTer from bacteria in 
certain respects. They readily pass through RUers that bold 
back bacteria and so the teiro fiJieraWc is applied to them. Un* 
like bacteria, viruses are too minute to be seen distinctly by ordi- 
nary microscopy and so they are oAen referred to as uUm- 
microscopic. They do not grow on any culture media usually 
employed for the cultivation of bacteria but require the peavntt 
of living ceils for growth. For the above reasons, their cxisteocc 
has to be recognised by the effect that they produce ia susceptMc 
animals. These peculiarities also render their study fat toon 
diificuit than that of bacteria. Neither the microscopic nor tbc 
orditiaty culfural procedures can help us much. Consequently, 
our knowledge about them remains very meagre. The posHioa 
of bacteriophage is unsettled. In point of size it is akin to the 
virus; it is probably a virus parasitising bacteria. 

Other distinctive ibatures arc their intimate rehtioaship 
with the host cells and the tormatioa of jnciuswn bodies in &e 
affected cells. Viruses also exhibit a marked affinity for certain 
tissues. They are highly iu^sive, provoking little or no rcacliofl 
at the site of entry. None of the Wruscs syntfiesises any exotoxia. 

Not infrequently, they confer on the surviving hosts more solid 
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and lasting immunity than bacteria. Resistance to glycerine is 
another characteristic feature of most of the viruses. 

The earliest observation that a filterable virus may cause 
disease was that of Iwanowski who, during his investigation into 
the aetiology of the mosaic disease of the tobacco plant, demon- 
strated (1S92) that a filter-passing agent was responsible for that 
disease. This was confirmed by Bcijcrinck (1898). Next, Loeffler 
and Frosch (1898) by their crucial experiment showed that 
bacteria-free filtrate from the vesicular fluid of foot-and-mouth 
disease of cattle reproduced the disease on experimental inoculation 
into these animals. Since then, the causal relationship of a large 
group of infectious diseases of man, lower animals, insects and 
plants with specific viruses has been established. 

FUtratioD. All the earliest observations on viruses were 
made with filtrates of pathological maicnals passed throu^ 
bacterial filters and fiUerabiUiy, Uierefore, came to be regarded 
as an important criterion. Then it was found that some of the 
viruses, like those of varicella and herpes zoster, were retained 
by the filters, although they exhibited all the group characteristics 
of viruses. The list of such non-filter-passing viruses is In- 
creasing with more careful studies with improved methods. On 
the contrary, the mere passage through a bacterial filler does not 
always justify the term filterable virus. For instance, certain 
minute bacteria and flexible slender spirochaetes also filter through 
bacterial filters. For these reasons, the term filterable virus is 
not quite accurate, 

• - The conditions of filtration have an important bearing on 
SUerability. The filters commonly employed .are the |Berkefeld 
N and W, Chamberland La and L, and Seitz E.K. types (p. 149). 
Though their pore size is in the neighbourhood of 3 microns, 
they retain all organisms above 0>25 micron in size. Clearly 
then, filtration, is not a simple mechanical process, depending 
only on the size of the pores and the size of the organisms. But 
It is profoundly influenced by various other, factors, such as the 
composition and the electrical charge of the substance of the 
filter, the electrical charge of the material to be filtered, plasticity 
of the organisms, presence and concentration of any protein 
matter in the filtration fluid, the reaction of, the fluid and the 
temperature, pressure and duration of filtration. The ordinary 
filters usually consist of positively charged cations of magnesium 
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silicon anions. Similarly, 

l Charles. The virus may be 

nn'/t^ it ^ °c by the proteins present in the 

lluid, thus prevcnimj or retarding ffliration; the iotver the pH 
or the solution, the pcaler the chances of this happening. The 
cs wr fiUcnibnjty shouW tafre cognizance of all these factors, 
and the mere inability to pass through a tiller should not by ilsell 
be regarded as sufficient indication of the size. An inevitable 
corollary from the above facts is that unless uniformity in 
technique js carefully observed, resuhs obtaiaed are hound to 
be divergent. 


The Natorc of the Vims. The exact nature of the virus has 
been a subject of considerable dispute, mostly centering on wictiicf 
it is animate or inanimate. An earlier view is that they are 
cnz)’mcs. Another is that they arc autocatalysts, formed afresh 
every time they act on living cells. This is probably the case 
with certain viruses pathogenic to plants, for example the virus 
of the mosaic disease of tobacco, which has been isolated ifl 
crystalline form. Most observers now agree (hat in general the 
viruses arc living things liJce bacteria capable of self-propagation 
and in many cases of pathogenicity. As pointed out above, this 
may not be true of all viruses. 

One great difficulty in accepting viruses as forms of life is 
their extreme smallness in size, the smallest ones approaching the 
size of the more complex protein molecules. But we have no 
knowledge of what minimum space is required for the manifesta- 
tion of life and (he carrying on of life activities. But we know that 
parasitism enables considerable curtailment of life activities- B 
may be that the viruses arc highly parasitic forms depeadlag oa 
the host for most of their life functions, and that only the miniiauffi 
activity required for the sustenance of life survives in them. 
>Vhen wc survey the vast range in size among living tlungs, ^ 

should not be difficult to conceive that there can be fonns of life i 

yet smaller than bacteria. The mere minuteness of the physical 
basis of life then should not be a stumbling block in this realisa- 
tion. It is not merely speculation; by improved methods of 
Investigation most of the objedhas raised against ihtlr Uvtog 
nature have been met and the riraJ thcones in the field proved to 
be far less tenable. 
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The suggestion has been pul fonvard that viruses arc degraded 
minute variants of bacteria with all fcnncniative activities, 
necessary for carrying out the life functions, lost and retaining only 
the self-generating capacity essential for the preservation of life. 
There is but scanty evidence in support of this suggestion. 
SVhether the viruses are degraded bacteria or distinct forms of life, 
their intimate and obligate relationship with the host cells indi- 
cates that their’s is a highly parasitic state in which they depehS 
almost entirely on other living cells for their maintenance. 

Classification. No generally accepted classification of vituse® 
exists. Any satisfactory scheme must rest on the indmate nature 
and properties of the virus. Such definite data are lacking, and 
so any classification based on the present imperfect knowledge 
is of necessity tentative. Several schemes have been suggested 
based on different ctilctia, such as the tissue affinity, the type of 
the lesion produced and the occurrence of inclusion bodies. 
Terras such as the oeurotropic, dermotropic and the viscero- 
tmpic are based on the selective tissue affinity of the respective 
'Viruses and ate useful only as a working arrangement. 

Habitat Viruses are widely distributed in nature. They are 
ttsentially parasitic and are found in the lesions they produce 
in different hosts— man, animals and plants. They are almost 
always associated with the tissue cells of the affected parts. 
They may also exist in the carrier slate. The existence of 
saprophytic viruses and of avirulcnt variants of the pathogenic 
ones has been suggested. , 

Morphology. Our knowledge about the morphology of 
viruses is very meagre. What information is available on this 
point, has been gained from a study of their photographs. A few 
viruses, e.g. the cctiomelia virus and the fowlpox virus, are 
coccoid or diplococcoid. Recent studies with tbe eleciron micro- 
scope tend to show that the vaccinia virus is rectangular like 
a brick and the tobacco mosaic virus rod-shaped. Limited evi- 
dence indicates that reproduction occurs- by binary fission. 

Viruses are much smaller than bacteria ; they are in general 
too tiny to be resolved even by tbe-most powerful microscope 
using white light. But the term ultramicroscopic is not free 
from objection. The larger viruses at least can be perceived as 
bright spots under dark field illumination. Again, by the com- 
pound microscope, using ordinary light and apochromatic 
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ililif! (i, ^ ^ nialerial or by the proteins present in the 

lJuid, thus preventing or retarding filtration; the lower the pH 
01 (he solution, the greater the chances of this happening. The 
lest lor filtcrability should take cognizance of all these factors, 
and the mere inability to pass through a filter should not by itself 
be regarded as suflicicnt indication of the size. An ineviubic 
corollary from the above facts 'is that unless uniformity in 
technique is carefully observed, results ob'taincd are bound to 
be divergent. 

The Nature of the V/rds. The exact nature of the virus has 
been a subjwt of considerable'dispule, mostly centering on whether 
it is animate or inanimate. An earlier view is that they arc 
enzymes. Another is that they arc autocatalysts, formed afresh 
every time they act on living cells. This is probably the case 
with certain viruses pathogenic to plants, for example the virus 
of the mosaic disease of tobacco, which has been’ isolated in 
crystalline'form. Most observers now agree that in general the 
viruses are living things like bacteria capable of self-propagation 
and in many cases of pathogenidty. As pointed out above, this 
may not be true of all viruses. 

One great difficulty in accepting viruses as forms of life is 
their extreme smallness in size, the smallest ones approaching the 
size of the more complex protein molecules. But we have no 
knowledge of what minimum space is required for the inani/esfa* 
tion of life and the carrying on of life activities. But we know that 
parasitism enables considerable curtailment of life activities. It 
may be that the viruses arc highly parasitic forms depending on 
the host for most of their life functions, and that only the minimum 
activity required for the sustenance of life survives in them. 
When we survey the vast range in size among living' things, it 
should not be difficult to conceive that there can be forms of lift 
yet smaller than bacteria. The mere minuteness of the physical 
basis of life then should not be a stumbling block in this realisa- 
tion. It is not merely speculation; by improved methods of 
investigation most of the objections raised^ against their livmg 
nature have been met and the rival theories in the field proved to 
be far less tenable. 
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TABLE XXII 


The Approximate Sfa» of Viruses 


Viruses, etc. 

Size in m/i 

Staphylococcus (for comparison) 

J.OOO 

Psittacosis 

200-300 

Smallpox 7 

Vaccinia ) * • 

125-175 

Lymhogranuloma inauinale 

125-175 

Herpes fehrilis 

100-150 

Rabies 

100-150 

Influenza . . 

80-120 

Acute lymphocytic chorio-meniuetus . . 

37-60 

Rift Valley fever 

30 

St. Louis encephalitis 

25 

Yellow fever 

18-28 

Poliomyelitis 

12-17 

Foot-and-mouth dCIfease 

8-12 

Bacteriophage 

8-75 
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SiK, (hough K ,s not posMble'to resolve them and reveal their 

*'>'=1' ®»«Iy seen. Further, by deep 

slainmg, objects slightly gain in she and the larger viruses my 
thus be brought withm the range of distinct vision through 
ordinaiy raicroscopc. The above observations also serve to 
Show the inaccuracy of applying the term ultramicroscopic to 
viruses. .1 . 


The unit of rncasurement for viruses is the millcnicroh or 
one-thousandth of o micron (m/t or KT* metre). The size of most 
of the viruses lies between 8 and 200 (0-2 micron) mflUmicroas 
(Tabic XXll). The foot-and-mouth virus, measuring 8^J2 milli- 
microns, is the smallest known virus and is very near in size to 
the scrum globulins, measuring about 7 millimicrons. The 
largest virus known is that of psittacosis with a measurement of 
200-300 millimicrons. 

The size of viruses is determined by any of the three methodj 
—ultraviolet and electron microscopy, high speed centrifugalisa- 
tion, ultrafdtration through gradacol membranes of variable 
pore size (Elford). These different methods give practically 
identical results and the size of any individual virus as ascer- 
tained by any one of them is the same as given by any other. 

It has been pointed out under microscopy that in practice 
the limit of microscopic resolution using visible rays is reached 
with a particulate diameter of 0*25 micron (250 millimicrons). 
But the resolving power can be improved by using rays with 
shorter wave length. Far lower limiTs of resolution have thus 
been practically achieved in the ultramicroscope employing ultra- 
violet rays (p. 56). But these rays do not activate the retina, 
besides being injurious to it. Hence, in ultraviolet microscopy, 
photographs of images are taken for purpose of study. Objects 
as small as 75 millimicrons have been resolved and their photo- 
graphs taken by this method. From these photographs the size 
of those objects can be calculated with great accuracy. 

Recent advances in electron microscopy (p. 5?) have brought 
within practical bounds the photographing of even the smallest 
-rirus known; and further advances in our knowledge about 
uUramicroscopic objects may be conSdcntly expected in the near 


future. 
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TABLE XXn 


The Approximate Stec of Viruses 


Viruses, etc. 

Size in mfi 

Staphylococcus (for comparison) 

1,000 

Psittacosis 

200-300 

Smallpox ) 

Vaccinia j * * 

125-175 

Lymhogramfloma inguinale 

125-175 

Herpes febrilis 

100-150 

Rabies 

100-150 

Infiuenza . . 

80-120 

Acute lymphocytic chorio-meninghis . . 

37-60 

Rift Valley fpver 

30 

St. Louis encephalitis 

25 

Yellow fever 

18-28 

Poliomyelitis 

12-17 

Foot-and-mouth dwase 

8-12 

Bacteriophage 

8-75 

Scrum pseudoglobulin 

7 (approximately) 

Oxyhaeraoglobin 

5 

Hgg Albumin 

4 


Another method of estimating the size of viruses is by centri- 
fugalisation at very high speed, such as 60,000 r.p m. (ultra-centri- 
fugaiion). Owing to the mechanical difficulties of constructing 
them, such machines are very costly. The rate of sedimentation 
of suspended particles is influenced in a definite manner by several 
factors, one of which is the size of the particles. The values of 
other factors can be determined and from these the diameter 
of the particles calculated. 

The third method of determining the size of viral bodies is 
filtration through collodion membranes of graded pore“ size, 
oalled gradocal membmnes (p. 153). Earlier studies with 
oolIodioD membranes gave conflicting results owing to the imper- 
fections in the preparation of collodion aters, but recent improve- 
fflenls have resulted in the production of membranes of great 
fineness and accurate pore size and the results of measurement 
of the size of viruses by these closely agree with those obtained 
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“'*>''>^5- By Ibis (echnique, viruses as small as 8-12 
milJmiCTons can be measured wilft considerable precision 

™ v ™ ordinary lifeless media; 

Ihcy grow however, in Ihc presence of living cells. Vaccinia 
virus was the first to be cultivated; it was by the in vivo method 
in the rabbit. Next, it was successfully eutored in vitro in a 
medium composed of rabbit kidney and plasmas “nie presence 
of aciiveJy growing cells of tissue culture was then considered 
necessary for growth. Latw, it was shown that proliferating 
cells Were not indispensable for its growth when the successful 
cultivation of the vaccinUi virus was accomplished in a medium 
containing minced fresh hen or rabbit kidney and fresh serum 
mixed with Tyrode's solution (Maillands). In this medium there 
IS no proliferation of tissue cells, but their viability is maintained 
for some days. The cultivation is done in specially destined 
containers called Carrel flasks. Many more viruses have sicce 
been cultivated by this method. But owing^jlo the difficulty of 
cultivation, a common method of maintaiaing^' viruses in the 
laboratory is by serial passage through susceptible animals. 

Fuether investigations showed that cborio-slIaDtoic mem- 
brane of the developing chick embryo was a more suitable sub- 
strate for the cultivation of viruses. Eggs, ten to twelve days 
old, gave the best results. The manipulative technique requires 
dexterity and considerable aseptic care. After spotlmg out the 
position of the raerabraae by traasiUumination in the dark, a 
window is made in the shell and the material is inoculated into 
the membrane. The flap of the shell is carefully replaced and 
sealed with melted paraffin. The egg is then incubated at 37' C. 
for two or three days or longer. Evidence of growth is found 
in the form of opacities and thickening of the membrane. Fur- 
ther proof is adduced by dissecting out and grinding up the 
membrane in sterile saline and testing for mfeclivity on suitable 
animals. In positive cases the saline suspension will be found 
to contain large doses of the virus, supplying proof of multiplica- 
tion and growth. This is relatively a simple method and many 
of the viruses can be grown by it A more recent discovery of 
some importance is that the influenza virus grows well in the 
allantoic cavity. However, the exact growth requirements of 
viruses still remain obscure and so far no virus has been grown 
10 the absence ofliving cells, 
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Resistance. Generally, viruses resemble the vegetative bac- 
(ena in tbeir resistance to destructive agents, They are probably 
slightly more resistant to chemicals than the non-sporing forms 
of bacteria. It is to be noted that resistance tests with most 
viruses have been conducted not in their pure state but with crude 
suspensions. Sunlight, heat and oxidising agents prove rapidly 
lethal to them. Viruses withstand cold and desiccation for long. 
They may be frozen, dried and stored with little inactivation. 
In contrast to the bacteria, they display marked resistance to 
glyceroband one of the methods of preserving the virus is in 50 
per cenr. pure glycerol in saline at 4*'C. In this state the Polio- 
myelitis virus has been found to remain viable for eight years. 
Unlike bacteria, viruses do not seem to be affected by repeated 
freezing and thawing. 

Metabolism. Very little is known about the metabolic acti- 
vities of the virus. The question is complicated by the fact that 
viruses do not grow Independently. 

Chemical Composition. Our knowledge about the chemical 
structure of the vitiis is very limited. The difficulty of getting 
them in sufficient quantity and in a state of relative purity has 
prevented the study of its chemical constitution. Chemically, 
viruses may not matenally differ from bacteria. The results of 
investigations with the vaccinia virus are in harmony with this sug- 
gestion ; this virus are compicst in its structure, containing proteins 
(nuclcoprotein), carbohydrates and fats. From the tobacco mosaic 
virus an apparently pure protein, with chemical characters of 
nucleoprotcin, has been prepared. Xt is of high molecular weight, 
a so-called “ heavy ” protein. Even after going through the 
physical and chemical processes of preparation, it retains the 
virus activity and so it is now considered to be identical wah the 
virus. It has been prepared in a crystalline form. 

Antigenic Structure. Not much is known about the antigenic 
structure of viruses. Fundamentally, there may not be any 
difference in this respect from bacteria. Certain viruses have 
been shown to possess a complex antigenic constitution like 
bacteria, exhibiting serologically distinct types of antigens, e.g. 
the foot-and-mouth virus. There is also some evidence to show 
that common antigenic components exist among members of 
the same virus group, thus evincing group specificity as among 
allied bacteria. The occurrence of polysaccharide haptens m 
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miHimicrens can be measured with considerable precisioa. 

Culliralion. Viruses do not grow on ordinary lifeless media; 
they- grow, however, « tie presence of living cells. Vaccinia 
virus was the first to be cultivated; it was by the in vivo method 
in we rabbit. Next, it was successfully cultured in vitro in a 
medium composed of rabbit kidney and plasma. The presence 
of actively gfoiving cells of tissue culture was then considered' 
necessary for gmwtb. Later, it was shown that proliferating 
c^lls Were not indispensable for its growth when the successfeJ 
cultivation of the vaccinia \drus was accomplished in a mediem 


Containing minced fresh hen or rabbit kidney and fresh seraio 
mixed with Tyrode’s solution (Maillands). In this medium there 
is no proliferation of tissue cells, but their viabiliO' is mamtaiaed 
for some days. The cultivation is done in specially designed 
containers called Carrel flasks. Many more viruses have since 
been cultivated by this method. But owing .to the difficulty of 
cultivation, a common method of maintalling viruses in the 
laboratory is by serial passage through susceptible animals. 

Further investigations showed that chorio*allaQtojc tatm’ 
brane of the developing chick embryo was a more suitable sub* 
stratc for the cultivation of viruses. Eggs, ten to twelve days 
old, gave the best results. The manipulative technique requires 
dexterity and considerable aseptic care. After spotting out the 
position of the membrane by transillumination in the dark, a 
window is made in the shell and the material is inoculated into 
the membrane. The flap of the shell is carefully replaced asd 
scaled with melted paraffin. The egg is then incubated at 37“ C. 
for two or three days or longer. Evidence of growth is found 
in the fonn of opacities and thickening of the membrane. Fur- 
ther proof is adduced by dissecting out and grinding up the 
membrane in sterile saline and testing for infectivity on suitable 
animals. In positive cases the saline suspension will be found 
to contain large doses of the virus, supplying proof of multiplica- 
tion and growth. This is relatively a simple method and many 
of the viruses can be grown by it. A more recent discovery of 
some importance is that the iofluenza virus grows well in the 
allantoic cavity. However, the exact growth requirements of 
viruses still remain obscure and so far no virus has been grown 
in the absence pfliving cells. 



FILTERABLE VIRUSES 


677 


can be demonstrated by appropriate reactions. Smallpox, herpes, 
influenza and psittacosis are examples of such diseases. ■ ' 
The production of allergic hypersensitisation of tissues is 
not common with viruses. In a few cases, as lymphogranuloma 
inguinale and psittacosis, a hypersensitive state is established, 
an observation of some practical value in diagnosis. On the 
basis of this, a valuable skin test, the Frci test, has been developed 
for’the diagnosis of tbe former. 

How far the humoral antibodies are able to help the body in 
combating infection, is not clear It may vary from disease to 
disease. The intracellular position of the virus protects it from 
the action of the circulating antibodies. Tn other words, when 
a virus has established itself in the cell, antibodies are not very 
effective against it; they may serve to prevent further spread. 

Attempt to induce active immunity against virus infections 
was the logical outcome of our knowledge of the nature of viral 
iiarautiity. Ih fact, active immunisation was in vogue long before 
anything was known about the nature of the complex mecha- 
nism of 'immunity. ' Vaccination against smallpox dales back 
from ancient times and anti-rabic vaccination has been in practice 
for several 'decades. Similarly, passive immunisation is also 
possible; convalescent sera are useful in many cases for cure 
and prevention. Antiviral sera produced in animals are not 
very potent. 

■The method of inducing immunity may be by injecting 
with virulent virus, attenuated virus or with virus treated with 
bactericidal agents, like phenol and formalin. Because of the inhe- 
rent danger, the first method is usually employed only in animals 
and then under the protection of antiserum given separately 
or mixed with the virus, for example immunisation of hog against 
hog-cholera. The serum covers tbe immediate risk from the virus. 
Smallpox vaccination is an example of immunisation with 
attenuated live virus; the vaccine in this case does not contain 
aoy virucidal agent. Similarly, in anti-rabic immunisation the 
virus used is one attenuated for man, by passage through rabbits ; 
the Vaccine is usually a carboHsed one. 

Toxin Production and Pathogenicity, Viruses do not pro- 
duce any extracellular toxin and the actual toxic agent concerned 
the production of disease is presumably the viral body itself. 
Viruses exhibit vaiying degrees of pathogenicity and virulence. 
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trates a dose smihnty m the general paitera of the smigemc 
make-up between viruses and bacteria. 

. JrofflOflity. Apparently, the uieeljanisjn of immunity aeaiast 
yims infections is essentiaily the same as that against taeferiai 
infections. The same factm ate, ia ail Ukelihood, concerned 
wth the prcductioD of resistance ia both. Man is nsturaliy 
immune from certain virus infections which affect animals and 
plants. Jr naturai diseases caused by viruses, antibodies are 
developed in much the same way apparently as in bacteiial iafr* 
ctions. Such immune /actors are also produced in wperimestal 
animals but e/hciently only in the same species. Recovery from 
virus infections confers on the host a more substantial and lasting 
immunity than in the case of bacterial infections. The transfer 
of passive immunity may occur in uiero and is possible artifidally 
Rarely viruses may also induce aJJeigic sensiiisatiou (vidrw/rfl). 

As mentioned above, in mnny virus infections recovery 
an attack usuahy confers solid aod ksting immuaily, Sor exstuplt 
measles, yei/ow fever and smallpox. In this respect viruses differ 
somewhat from bacteria. In some diseases, however* the louns* 
nity is short-iived as ihustrated by common cold, influeora and 
herpes febrih's. Immunity is frequently found to be associated 
with die presence of circu/ating antibodies. Such anlibodies are 
also developed in experimental animals and after active artificial 
immunisation. Their exact nature is not kcotvn, but in ibtir mode 
of action they resemble the bjictcrial antibodies. The serum 
containing such antibodies displays die property of nenunfisiag 
the specific virus in vitro and presumably m vivo, hence the name 
protective or neutralising anti^ies (p. 238). Their prescoi^ cao 
be demonstrated by the nfutro/isotion test on suitable anitnals. 
These are injected with murturcs of the virus and the senun and 
with the virus without the serum for control. The control anunaU 
develop the characteristic lesions, wfctmas the former escape if 
the serum contains the specific antibodies. Probably, th«e 
antibodies act by inactmiiog the antigen after combining with it 
The natumlisation test is the most commonly employed sero* 
logical reaction m the study of wros diseases. 

Ia some of the virus diseases at least, aggluUnins, precipitins 
and complement-fixing antibodies are formed by the host tissues , 
iu a specific manner and ate present ia the Wood. Their presence 
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can be demonstrated by appropnate reactions. Smallpox, herpes, 
influenza and psittacosis arc examples of such diseases. 

The production of allergic bypcrsensitisation of tissues is 
not common with viruses. In a few cases, as lymphogranuloma 
inguinale and psittacosis, a hypersensitive state is established, 
an observation of some practical value m diagnosis On the 
basis of this, a valuable skm lest, the Frei test, has been developed 
for the diagnosis of the former 

How far the humoral antibodies are able to help the body in 
combating infection, is not clear It may vary from disease to 
disease. The intracellular position of the virus protects it from 
the action of the circulating antibodies In other words, when 
a tifus has established itself in the cell, antibodies are not very 
effective against it; they may serve to prevent further spread. 

Attempt to induce active immunity agamst virus infections 
was the logical outcome of our knowledge of llie nature of viral 
immunity. Ih fact, active immunisation was in vogue long before 
anything was "known about the nature of the complex mecha- 
nism of immunity. Vaccination against smallpox dates back 
from ancient times and antl-rabic vaccination has been in practice 
for several decades. Similarly, passive immunisation is also 
possible; convalescent sera are useful in many cases for cure 
and prevention. Antiviral sets produced m animals are not 
very potent. 

The method of inducing immunity may be by imecting 
with virulent virus, attenuated virus or with virus treated with 
bactericidal agents, like phenol and formalin. Because of the inhe- 
rent danger, the first method is usually employed only in animals 
and then under the protection of antiserum given separately 
or mixed with the virus, for example immunisation of hog against 
hog-cholera. The serum covers the immediate risk from the virus. 
Smallpox vaccination is an example of immunisation with 
attenuated live virus ; the vaccine in this case does not contain 
any ’virucidal agent. Similarly, in anti-rabic immunisation the 
virus used is one attenuated for man, by passage through rabbits; 
the vaccine is usually a carboliscd one. 

Toxin Production and Pathogenicity. Viruses do not pro- 
duce any extracellular toxin and the actual toxic agent concerned 
in the production of disease is presumably the viral body itself. 

Viruses exhibit varying degrees of pathogenicity and virulence. 
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vituient, for example, extremely minute doses of Bic yellow fe 
wnjj can transmit Dte infection to fresh host. Jcapparent in 
Mion and al^ical disease may both occur. These are of gr< 
Importance in epidemiology, as they present serious proMe; 
an the control of infections. Jn virus infections a certain degree 
endemic immunity, established as the result of long contact, in; 
modify the disease course ia a community in which such int 
clions are endemic, as for example yellow fever. 

The virulence of viruses can be altered as in the case < 
bacteria (p. 202), For example, the vanoia virus undergoes consid 
Table modification as theresuft of serial iooculatioo into calves an 


DJI nsinocuJation mto man produces vaccinia and not vanoia. Th 
coRvefsion of street virus into fixed virus by serial passage throng 
rabbits and of the viscerotropic yellow fever virus into the ncuro 
tropic brain*fixed virus in the mouse are other examples of sucl 
adaptive modifications. These provide further proof tha 
viruses display host specificity as well os selective tissue aSniti 
Certain virus infections occur only in man and even then experi- 
mental reproduction in animals is difficult or impossible to a^ievt. 
On the contrary, many of the virus diseases of animals do not 
affect man. Further, among animals viruses pathogenic to one 
species are not always pathogenic to other species. Viruses also 
show, in a greater degree than bacteria, tissue selection and locali* 
sation. Hie lesions in variola and varicella are mostly confin^ 
to the skin ; the tissue primarily aifected in rabies, poliomyeliris 
and herpes is the nervous system ; the viruses of influenza, measles 
and common coW affect vbc respitavory tract; the yellow fever 
virus and the virus of infective hepatitis attaclr the viscera. 

The application of Koch's postulates to prove the actiological 
relationship of virus diseases is fraught with far greater di^culty 
than in the case of bacterial infections. That the existence of a 
virus can be proved only by the r^ults of animal inoculation, 
imposes a serious handicap. Another obstacle is that no suscep- 
tible animal species for experimcnfation have been disemerw 
for all the viruses. It is important to bear in mind that natural 
infections are more frequent ia eicpenmenral animals than sawral 
bacterial iafecthns and that it is far more difficult to detect the 
former than the latter. Otherwise, fallacies will creep, in easily. 
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The serial passage through susceptible animals, reproducing the 
condiUon every time. Is the surest way of establishing the causal 
relationship of a virus with the specific disease. Where man 
only is susceptible and all experimental animals are refractory, 
the proof of the aetiological role of the virus is sought for from 
other, though less certain, evidence. 

Viruses cause a large number of infectious diseases in man, 
varying widely in acuteness and clinical manifestations, A few 
of them arc responsible for some of the severest epidemic diseases 
which take a heavy toll of human life. SmaUpox, influenza and 
yellow fever are the outstanding examples in this category. 
Viruses also cause many important diseases of animals, causing 
great economic dislocation and loss. 

The mode of transmission of infection m virus diseases also 
varies as in the case of bacteria! infections It may happen in 
any one of the following ways: direct contact and implantation 
of the virus from man to raan as in lymphogranuloma inguinale 
ot from animal host to man as in rabies; direct deposition of 
the contagious discharges on skin or mucous surfaces; air- 
home infection and entrance vio the respiratory tract through 
droplet or dust as m influenza, measles, herpes, variola and so 
on; and inoculation through the skin by insect vectors, e.g. 
yellow fever, dengue and phlcbotomus fever. The ingestion 
of infected food and water may also serve as mode of spread. 
Rarely, in utcro transmission of virus infection may occur; a 
variolous pregnant woman, for instance, may transmit infection 
to the foetus. Gamers apparently exist, playing a role in the 
propagation of infection. 

Mention has been made previously that growth and multi- 
plication of the virus take place within the tissue cells and that 
us occurrence independently of living cells is not known. How 
exactly the growing virus damages the cells, is not clear, but proli- 
ferative and inflammatory changes supenrene soon after invasion, 
resulting in the death and destrucuon of tissues. An abnormal 
phenomenon encountered in some of the virus diseases, and not 
seen in any bacterial infection, is the presence of certain peculiar 
structures within the affected cells; these arc called inclusion 
bodies. 

Inclusion Bodies, Inclusion bodies do not appear in all 
Virus diseases. They have diflTcrent appearances in different 
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tWR an<} 3f>?Mca? dwc3s<? may both occur. These aie of great 
importance m epidemiology, as they present serious pmbJras 
•jn m control of infecfions. Jo virus infections a certain dciree of 
ctidemic immunity, csiablisbed as ibc result oflong contact, my 
moatfy the disease course in a communhy in n'h/cJ? sv(^ infe- 
ctions are endemic, as for example yejfow fever. 

The virulence of viruses can be altered as in ibc cast of 
bacteria (p, 202). For example, the varioh virus undergoes censide* 
rabfe modification as die result of serial inoculation into calves aad 
on rciooculatton into man produces vaccinia and not variola. The 
conversion of street vims into fixed virus by serial passage flirou^ 
rabbits and of die viscerofropje yellow fever virus mto tht wuro- 
tropic braifl'fixed virus in the mouse are other examples of sneb 
adaptive modifications. These provide further proof that 
viruses display host specificity as well as selective tissce fiffifliy 
Ccftatn virus mfecticas occur only m man and even their experi 
mental reproduction in animals is difficult or impossible to achieve. 
On the contrary, many of the virus diseases of animals do not 


affect maa. JPurther, amoo^ ammsls viruses pathogenic to one 
species ate not always pathogenic to other species. Viruses also 
show, in a greater degree than bacteria, tissue selection and locali- 
sation. The lesjons in variola and vancella ate mostly confin^ 
to the sJtm; the tissue primarify affected in rabies, poUorajelith 
and hei^ies is the nervous system ; the viruses of iofluenra, measles 
and common cold affect the respirnwry tract; the yeJiow fever 


virus and the virus of tnfecuve hepatitis attack the viscera. 

The application of Koch’s postulates to prove the aetidlo^cfi 
rclatiousfaio of virus diseases is fraught with &r greater diBcvlty 
than in the case of bacienal infections. That the existence of a 
virus can be proved only by the results of animal inoculatico. 
imposes a serious handicap. Another obstacle is that co svsee^ 
tibie animal sp»:ies for expcrufleniation have been discovered 
for Jill the viruses. U is important to bear in mind that natural '"itus 
infections are more frequent in experimental animals than natural 
bacterial infections and that it is far more difficult to detect the 
former than the latw. Otherw&e, fallacies will creep in easily* 
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The serial passage through susceptible animals, reproducing the 
condition every time, is the surest w’ay of establishing the causal 
relationship of a virus ^viib the specific disease. Where man 
only is susceptible and all experimental animals are refractory, 
the proof of the aetiological role of the virus is sought for from 
other, though less certain, evidence. 

Viruses cause a large number of infectious diseases in man, 
varying widely in acuteness and clinical manifestations A few 
of them are responsible for some of the severest epidemic diseases 
tvhich take a heavy toll of human life Smallpox, influenza and 
yellow fever are the outstanding examples in this category. 
Viruses also cause many important diseases of animals, causing 
great economic dislocation and loss. 

The mode of transmission of infection in virus diseases also 
Varies as in the case of bacterial infections. It may happen in 
any one of the following ways: direct contaci and implantation 
of the virus from man to man as in lymphogranuloma inguinale 
or from animal host to man as in rabies; direct deposition of 
Ihe contagious discharges on skm or mucous surfaces; air- 
feome infection and entrance via the respiratory tract through 
droplet or dust as in influenza, measles, herpes, variola and so 
Oft; and inoculation through the skm by insect vectors, e.g. 
yellow fever, dengue and phlebolomus fever. The ingestion 
of infected food and water may also serve as mode of spread. 
Rarely, in utero transmission of vims infecilon may occur; a 
Variolous pregnant woman, for instance, may transmit infection 
to the foetus. Carriers apparently exist, playing a role in the 
propagation of infection. 

Mention has been made previously that growth and multi- 
plication of the virus take place uithm the tissue cells and that 
us occurrence independently of living cells is not known. How 
exactly the growing virus damages the cells, is not clear, but proli- 
ferative and inflammatory changes supervene soon after invasion, 
resulting in the death and destruction of tissues. An abnormal 
phenomenon encountered in some of the virus diseases, and not 
Seen in any bacterial infection, is the presence of certain peculiar 
structures within the aflccted cells; these are called sndusson 
bodies. 

Inclusion Bodies. Inclusion bodies do not appear in all 
Virus diseases. They have dilTeirat appearances in dilferent 
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ction and aljpica! disease may bath occur. ITiese are of peat 
importance m epidemiology, as they present serious proHems 
an the rantrol of infections, Jn vims infections a certain degree ot 
endemic immunity, esraWisbed as the result of long contact, may 
modify the disease course in a community in wfticfi such infe- 
crions are endemic, as for example yellow fever. 

The virulence of v'irtises can be altered as in the case of 
bacteria (p. 202). for example, the xarwh virus undergoes consider 
Table modification as the result of serial inoculation into calves and 
on rcinoculaiion into man produces vaccinia and not variola. The 
conversion of street virus into fixed vims by serial pa 5 sage througb 
rabbits and of the viscerotropic yellow fever vims into the ncuro* 
tropic braifl'fixcd virus in the mouse are other examples of such 
adaptive modifications. These provide further proof that 
viniscs display host specificity as we)] as scJcciive tissue affinity. 
Certain wrus iRfectioris occur only in man and evea their exptn- 
mental reproduaion lo animals is difficult or impossffiie to achieve. 
On the contrary, many of the virus diseases of animals do not 
affect man. Further, among animals viruses pathogenic to one 
species are not always pathogenic to other species. Viruses also 
show, m a greater degree than bacteria, tissue selection and locali- 
sation. The lesions in variola and varicella are mostly confined 
to the slan ; the tissue primarily affected in rabies, polioiD)’cIitis 
and herpes is the nervous system ; the viruses of influenza, measles 
and common cold affect the respiratory tract; the yellow fever 
virus and the virus of infective hepaiitis altaci: die viscera. 

The application of Koch's postulates to prove the actiologtcal 
reJationshio of virus diseases is frau^t with far greater difficulty 
than in the case of bacterial infections. That the existence of a 
virus can be proved only by the results of animal inocuktioo^ 
imposes a serious handicap. Another ohstacte is that no susce^ ^ 
tible animal species for experimentation have been discovered 
for all the viruses. Jt is importam to bear in mind that . natural rir«5 
infectious are more frequent in cxpenmenia} animals than oatural 
bacterial iafections and that it is far more diWcuH to detect ine 
fonner than the latter, Otherw/s«i Afiacrcs will creep in msily. 
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The serial passage through susceptible animals, reproducing the 
condition every time, is the surest way of establishing the causal 
relationship of a virus with the specific disease. Where man 
only is susceptible and all expermienial animals are refractory, 
the proof of the actiological role of the virus is sought for front 
other, though less certain, evidence 

Viruses cause a large number of infectious diseases in man, 
varying widely in acuteness and clinical manifestations. A few 
of them are responsible for some of the severest epidemic diseases 
which take a heavy toU of human life Smallpox, influenza and 
yellow fever are the outstanding examples in this category. 
Viruses also cause many important diseases of animals, causing 
great economic dislocation and loss. 

The mode of transmission of infection m virus diseases also 
varies as in the case of bacterial infections It may happen in 
eny one of the following ways: duect contact and implantation 
of the virus from man to tnaa as m lymphogranuloma inguinale 
or from animal host to man as in rabies; direct deposition of 
the contagious discharges on skin or mucous surfaces; air- 
home infection and entrance iia the respiratory tract through 
<iroplet or dust as in influenza, measles, herpes, vanob and so 
on; and inoculation through the skm by insect vectors, e.g. 
yellow fever, dengue and phlcbotomus fever- The ingestion 
of infected food and water may also serve as mode of spread. 
Rsrely, in utero transmission of virus infection may occur; a 
Variolous pregnant woman, for instance, may transmit infection 
to the foetus. Carriers apparently exist, playing a role in the 
propagation of infection. 

Mention has been made previously that growth and multi- 
plication of the virus take place withm the tissue cells and that 
its occurrence independently of living cells is not known. How 
exactly the growing virus damages the cells, is not clear, hut proli- 
ferative and inflammatory changes supervene soon after invasion, 
resulting in the death and destruction of tissues. An abnormal 
phenomenon encountered in some of the virus diseases, and not 
seen vti any bacterial infection, is the presence of certain peculiar 
struaures within the affected cells; these are called inclusion 
bodies. 

. iMlosiott Bodies. Inclusion bodies do not appear in all 
virus diseases. They have different appearances in different 




A TEXTBOOK OF BACTERIOLOGY 


dSt hot , ^ ”’5- not look alike b 

inclusions in vanola and svart are fomed only in the epidemii 
and not m the conum. Inclusion bodies are not seen at all staget 
t tee same disease; for instance, the intranuclear iaclusioa 
Dooms in warts are present only in the earh'est stages of tie 
conoifioa and not in the later. 

• Inclusion bodies may also develop in tissue culture, 
^tracts of tissues contaiaiog cell inclusions as well as filtrates 
from such tissues incite the production of inclusion bodies, Th^ 
are also formed in experimental lesions produced with the liviog 
virus. Dead virus, thou^ immunising, fails to stimulate tbrir 
fonnation. 


Inclusion booies are cytoplasmic or intranuclear in posit/oo. 
Examples of the format are the Negri body of rabies, ibc 
Quarnieri body of variola and vaednia aod the fioUinger body 
of fowJpox and of the latter are those found in herpes fcbril'is, 
varicella, yellow fever and poliomyelitis. The inclusion bodies 
may take any sbape and size mthta Umhs. In structure they may 
be hyaline or granular, homogeneous or irregular. Both Mann** 
and Gictnsa^s stains are useful for staining tbeio (p. 19). They 
stain eosinophilic or basophilic. They may also show mwed 
staifling, the ground substance taking one stain, the elcraecta^y 
corpuscles another. 

Nothmg definite is known regarding the nature of inclusion 
bodies. What evidence is available, is in favour of the view that 
they arc colonies of vims held together by an amorphous Upoii^i 
matrix. It may be that inclusion bodies are specific and that 
arc associated with the infectivtiy of the tissues wherein they occur. 

In one case at least, the question has been practically setlic^i* 
a single Bollinger body of fowipox, ivashed free of all extraneous 
matter, is found capable of causing infection. It seems more tbsn 
possible that the elementary bodies arc the ultimate basic units 
constituting all types of inclusion bodies and that th^r are the 
actual virus (v/de in/ra). But more work is required to pmve 

the truth of these, . ^ r ^y,.^ 

An earlier view was that inclusion bodies consisted oi 
cates of the infective agent suiroundcd by a veil or mantle foOTCd 
from the invaded cell substance; hence ibe name <^mydo:0‘’ 
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(Chlamydos, mantle; zoon, an anunal) was proposed to them. It 
has been suggested that the inclu^on bodies are protozoal in 
nature and represent a stage in the life cycle of the parasite. 
Again, some regard them as mere degeneration products of cells. 

However, the presence of cell inclusions is usually regarded 
as sufficient evidence of infection. But their great importance 
lies in the practical’ l-alue in diagnosis. The finding of Negri 
bodies in the appropriate tissue, for example, has been recognised 
as proof of rabies even before the viral aetiology of the disease 
was accepted, and their demonstration has been a routine diagno- 
stic procedure ever since. It may, however, be noted that the 
appearance of intranuclear inclusion bodies is not .necessarily 
indicative, of virus infection. Their occurrence has been noted in 
other conditions as well. For instance, bodies similar to the 
intranuclear I inclusion bodies of yellow fever occur in the liver 
cells in severe bums. 

Elementary bodies are extremely minute bodies occurring in 
t&e ceUs and exudates from infected tissues. They were first 
noted by Borrel in fowipox and later by Paschen in smallpox. 
Their presence has since been demonstrated in vaccinia, varicella, 
herpes zoster, psittacosis, moUoscuro coniagiosum and others. 
Elementary bodies can be stained by Paschen’s, Castaneda’s or 
Giemsa's stain; they appear red or purplish. Tn the stained 
state, they can be resolved by the ordinary microscope, as they 
become apparently larger through accretion of the dye panicles. 
Thus, Paschen bodies when stained appear spherical in shape 
like cocci and measure about 0*2 micron. By microtechnique 
Bollinger bodies have been shown to be collections of^Borrel 
bodies which are the elementary corpuscles of fowipox. This 
indicates that the inclusion bodies may in all cases be composed 
• of elementary bodies. Further, the size of the %^s, as estimated 
by the different indirect methods mentioned above, agrees with 
the estimated'size of the elementary bodies. Further more, the 
elementary bodies are agglutioable by their specific scrum from 
recovered cases and, in the case of some at least, they have been 
shown to be the pathogenic agents. All these indicate that 
elementary bodies may be the actual virus. 
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Zi ” ‘Z ‘»ey may not look alike in 

niy m certain tissues ana not in others; for ejampie, the ceS 
wciiisions ,n variola and wart ate formed only in the epidemis 
and not in the rarium. Inclusion bodies are not seen at all stay« 
OI the same disease; for instance, the intranuclear immion 
Boaies m warts are present only in the earliest stapes of the 
condjtion and not in the later. 


Inclusion bodies may also develop la tissue cultare. 
Extracts of tissues containing cell inclusions as as 
from such tissues incite the production of inclusion bodies. They 
SK also formed in experimentsi} lesions produced mth thejjvia^ 
virus. Dead virus, tbou^ immunising, fails to stimulate thdr 
formation. 


Jnclusion boaies arc cytoplasmic or iniranuclcar in posidoB. 
■Examples of the former are the I'Jegri body of tal^s, the 
Guaraieri body of variola and vaccinia and tbe BoUiager body 
of fowlpox and of (he latter are those found in btrpes ftbrife, 
varicella, j^llow fever and poliomycHtis. Tbe inclusion bodies 
may mfee any shape and size >vithui limits. In structure they may 
be hyaline or granular, homogeneous or irregulaT. Both Maao's 
and Giemsa‘s stains are useful for staining them (pvT9). I^ey 
stain eosinophilic or basophilic. Th^ may also show mixed 
staining, tbe ground substance talcing one stam, the eiementary 
corpuscles another. 

Nothing definite is known regarding the naWPS of iadasioa 
bodies. What evidence is availaWc, is in fawur of (he view dtst 
they are colonies of virus held logethes by an amorphous lipoids! 
matrix. It may be that inclusion bodies are specific and that they 
arc associated with the Itifectivity of (te tissues wfierefn they 
In one case at least, the question has been pTScticaliy setiiea. 
a single Bollinger body of fowlpox, washed free of all extraneous 
matter, is found capable of causing infection. It seems more than 
possible that the elementary bodies are the ultimate basic units 
constituting all types of inclusion bodies and that they am Ihe 
actual virus (y/de infra). But more work h required to prove 


the truth of these. , 

An eatiiet view ivas that iaclasion bodies consisted of 
Bates of the infective agent surrounded by a v^l or manilt fon^ 

6^**^ , j j 11 ..YiV.c*nr>/v». »T.» n-iYvi.* /^fiffrmrdorcu 

from the invaded cell substance: 
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The incubation period in dogs varies from two to eight weeks. 
Early symptoms are behaviour changes and a perverted appetite. 
This is followed by a period of excitability. The animal becomes 
uneasy and restless and runs about aimlessly. At the slightest 
provocation it becomes greatly excited and furious (furious rabies). 
The paralytic stage then commences. There is dribbling of saliva 
due to inability to swallow. As paralysis deepens the animal 
becomes increasingly inactive and stuporous (dumb rabies) and 
death occurs. 

The disease is an acute inflammation of the nervous system 
and characteristic histological changes m it are evident. The 
virus is found in the .lesions and in the salivary glands. Hence, 
saliva is infectious, serving as the medium of transport of the 
infection. Another conspicuous feature is the occurrence of 
inclusion bodies in the brain. 

Negri regarded these cell inclusions, which he was the first to 
describe in 1903, as protozoal in character and causally related to 
rabies. Negri bodies occur in natural as well as in experimental 
disease induced with the street vims. They are present in all parts 
of the brain but' are more constant, numerous and largest in the 
nerve cells of the hippocampus major and the Purkinji cells of the 
cerebellum. They are located in the cytoplasm of the affected 
cells and take any shape, round, oval or angular,* and vary ‘in 
size from 0*5/i-20ft. Being acidophilic, they appear pink when 
stained with the.Leishxnan, Giemsa or Mann stain. Often one 
or more basophilic elements can be made out within these acido- 
philic bodies. The exact nature of Ncgn bodies is still unknown, 
but their occurrence in rabies is specific and constant. They are 
absent only in the early stages of the disease. In fact, the demon- 
stration of these bodies in the lesions of rabies has been accepted 
as diagnostic ever since their discovery. Some workers regarded 
them, as did Negri himself, as protozoal in nature. They are not 
developed in infections with the fixed virus- 

Pasteur found that by repeated passage through rabbits the 
infective agent of rabies undergoes a gradual exaltation in viru- 
lence until it reaches a constant maximum with a fixed incubation 
period of six to seven days. This hypervirulent virus he called 
fixed virus in contradistinction to the virus from natural infe- 
ction of dog oi' street virus. This modified virus has suffered a 
fall in its infectivity to monkeys and man, while its ncurotropic 



Chapter xxxvi . 

; , , VIRUS DISEASES OF^MAN 

‘ , Rabies: Hydrophobia 

Rabies is an acute infectious disease primarily' of animal 
partfcufarly affecting the canine species/ and occasionally Iran 
riJitted to man through their bile. It is due to a virus which i 
present in the nervous tissues and the saliva' of rabid'-animal 
A paralytic form of rabies, transmitted by the vampire bat, ha 
been reported from Trinidad, Brazil and 'other 'places. SojD' 
workers still hold the view that a protozoon is the cause of rabies 
The term hydrophobia is sometimes confined to the disease as ii 
occurs in man hnd rabies as it occurs in animals; fear of watei 
is not a symptom in the latter. ' 

pseudo-rabies, or Auj«zky*s dheho, a virus infection of 
cattle, dogs and other animals, is different from rabies. By cross 
protection tests the virus of this disease has been shown to be 
antigenically distinct from the rabies vims. The former does 
not attack man. 

The rabies virus measures about l00-l50m/x andfsnotreadi// 
filterable. It stimulates the production of characteristic cyto- 
plasniic cell inclusions called Kcgri bodies (vide infra). The 
presence of elementary corpuscles in rabies has not been shww 
beyond doubt. The virus grows in the brain cells of the chick 
or mouse embryo. It is resistant to glycerol and probably to 
ether. The action of phenol js uncertain ; probably it kills the 
virus after prolonged exposure. Desiccation attenuates the 
virus. The rabies virus appears to be more virulent to animals 
than to naan. •' 

The infection is readily transferable to dog's, rabbits, guraea- 
pj^s, sheep and other animals. By any parenteral route it is _ 
successful. Inoculated intracerebially, rabbits - develop the 
disease after an inevb-won period of two to three weeks and die 
in the course of another Week. 
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train of the rabid dog or on the result of animal inoculation. 
The animal may be sick and in a few days of bite will die of chara- 
cteristic clinical symptoms. If the dog is apparently healthy, it 
should be kept under observation for a period of fourteen days 
and any suggestive symptoms arising, should be killed. If it is 
iUled too early Negri bodies would have bad no time to develop. 
After removing the brain with aseptic care, small pieces are taken 
from the hippocampus situated in the floor of the inferior horn 
of the lateral ventricle. A piece is gently pressed and impression 
smears are made by applying the shde to the cut surface without 
the use of any pressure. Other pieces are put in formalin for 
prepanng histological sections. Smears and sections are stained 
ty Mann’s, Leishman’s or Gicmsa’s method and searched for the 
presence of Negri bodies. Further confirmation may be sought 
by inoculating a suspension of the brain tissue subdurally into 
a rabbit or mouse. ^Vhere the laboratory is at a distance, the 
*evefed head or removed brain of the dog should be sent packed 
in ice. 

Prophylaxis. Control of rabies in dogs is the ideal pre- 
ventive measure. This should be done by enforcing muzzling 
and quarantine laws. Once bitten, immediate and thorough 
cauterisation is valuable in preventing infection. It may still be 
tiscful if done within forty-eight hours after bite. 

Specific prophylaxis consists in the active immunisation of 
the individual. The incubation penod is Jong and if the course 
Is started early after bite, the disease can be prevented from deve- 
loping. Several factors, such as the nature and size of the wound, 
circumstances of exposure and the condition and availability of 
the dog, make it often difficult to decide whether the prophylactic 
treatment is indicated or not. When the wound consists only of 
abrasions or scratches or is superficial and remote from the head 
and the dog is apparently healthy, there may not be danger in 
^withholding inoculation till the investigations are completed. 
^Vhcre doubt does -not exist, prophylactic inoculation should be 
instituted immediately. 

Pasteur’s method was to immunise with the fixed virus 
attenuated by desiccation over caustic potash. Starting with 
the cord of infected rabbits dried for fourteen days, he worked 
tip with cords dried for decreasing number of days thus containing 
virus of progressively increasing virulence, until he reached a 
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prcdilictlon has become more impressed. It has also lost the 
power of inciting the production of Negri bodies ; may be because 
of the shorter incubation period. . 

Rabies is widely prevalent throughout the world. From a 
few places, like England, it has been eradicated by strict raurrliog 
and quarantine laws. It is primarily a disease of dogs, jackals 
and wolves and man may get the infection through bite of these 
animals, usually of dogs, su/Tering from the disease. Transmission 
among animals is also through bite. The mere contamination 
of the skin with the infected saliva does not lead to infection as 
the virus cannot enter through the unbroken surface. For this 


to happen there must be a breach of surface. 

Only about 35 per cent, of persons bitten by dcBnitcly rabid 
dogs develop the disease. Whether escape is due to natural 
immunity or to accidental causes, is not clear. The chances of 
rabies developing after bite depends upon several facto^ A 
severe wound is more certain to cause infection than a supeniei^ 
OM, Bites on bare skin are more dangerous than bites 
heavy clothing. The incubation period varies from 27-64 da^ 
being influenced by the circumstances of bite, f 

wound and its proximity lo ihe head. Tbt spread “f 
Ihe iroolaoiation point to the brain tabes place along the nerve 
fib«r'Hencc the incubaUon period is long if ibis routers W 
Coav«sely, the nearer the bile lo the central nervous sj«tem ^ 

shorter the incubation period. ^ the 

znd ffluWple wounds ensure rapid infection and sberten 

■“"vrirtscs an acute indammatoiy 
central nervous system. Naked ^e ^‘'oeuroos 

conspicuous changes. Microscopically, the Thweisalso 
str ^dcnce of Regeneration and ^ 

perivascular round cell -f f 8" TOeTir.^ is present 
but not so regularly as in the animal teio^. ^^j^ospioal 
in the nervous system, but its occuirencc m 

ittid is inconstant, NMtralisinc anbbodies are 

to prolect the diagnosis of rabies depends on 
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■brain of the rabid dog or on the result of atiimal itiooiladon. 
The animal may be sick and in o few days of bite will die of chara- 
cteristic clinical symptoms. If the dog is apparently healthy, it 
should be kept under observauon for a period of fourteen days 
and any suggestive symptoms arising, should be killed. If it is 
killed too early Negri bodies would have had no time to develop. 
After removing the brain with aseptic care, small pieces are taken 
from the hippocampus situated in the floor of the inferior horn 
of the lateral ventricle. A piece is gently pressed and impression 
Smears are made by applying the slide to the cut surface without 
the use of any pressure. Other pieces are put in formalin for 
preparing histological sections. Smears and sections are stained 
by Mann’s, Leishman’s or Glcmsa’s method and searched for the 
presence of Negri bodies. Further confirmation may be sought 
by inoculating a suspension of the brain tissue subdurally into 
3 rabbit or mouse. Where the laboratory is at a distance, the 
severed head or removed brato of the dog should be sent packed 
la ice. 

Prophylaxis. Control of rabies Jo dogs is the ideal pre- 
■ventive measure. This should be done by onforemg muzzling 
3Qd quarantine laws. Once bitten, immediate and thorough 
cauterisation is valuable in preventing infection. It may stiiJ be 
Useful if done within forty-eight hours after bite. 

Specific prophylaxis consists in the active immunisation of 
the individual. The incubation period is long and if the course 
is started early after bite, the disease can be prevented from deve- 
loping. Several factors, such as the nature and size of the wound, 
circumstances of exposure and the condition and availability of 
the dog, make it often difBcuIt to dedde whether the prophylactic 
treatment is indicated or not. When the wound consists only of 
abrasions or scratches or is superficial and remote from the head 
and the dog is apparently healthy, there may not be danger in 
withholding inoculation till the investigations are completed, 
ViTiere doubt docs not exist, prophylactic inoculation should be 
instituted immediately. 

Pasteur’s method was to immunise with the fixed vims 
attenuated by desiccation over caustic potash. Starting with 
the cord of infected rabbits dried for fourteen days, he worked 
np ivitb cords dried for decreasing number of days thus containing 
■virus of progressively increasing virulence, until he reached a 
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cord dried only far live days. He gave it as a saliat suspension' 

been ialtodrod in 

r but the pnneipie and tetoiq« 

remain the same Fued virus is the strain employed m ail 
methods Hogyes dilution method is to use (he aedve vinis 
diluted 1: 4,000, start with a small dose and gradually increase 
It. In Babes' method inactivation of the fixed virus is accom- 
phshed by heating the cord at varying temperatures. Remlinger's 
mejhod of inactivation is by cthcrisitian. 


Semple s method is to treat the vima with I petcettu c&TboliC 
aicid. A 4 per cent, suspension of rabies material is made in 
sterile normal salt solution and treated with I per cent, phenol 
at S?" C. for twenty-four hours, ft is then diluted with an equal 
volume of sterile normal saline, making a 2 per cent, suspension 
in 0*5 per cent, phenol. Whether the virus is killed by this pW' 
cess or only inaclivated, is not certain, Semple’s method is now 
followed in many places and infected sheep brain has replaced 
rabbit cord. A course of fourteen injections of 5 ml. each ^ven 
daily by the subcutaneous route is considered sulhclent. 

The usefulness of anliraWc vaccination is beyond doubt. 
It has greatly reduced the incidence of the disease. While the 
mortality rate among the umnoculated who develop the disease 
is hundred per cent., that among the vaccinated is very low, less 
than 1 per cent. A condition of disseminated encephalomyelitis 
may appear as a complication any day from the sixth to the 
twentieth after the commencement of the course (p. 692). But 
it is very uncommon and occurs only in adults. 


Poliomyentis j 

Acute anterior poliomyelitis, or infantile paralysis, is as ' 
acute infectious disease of viral origin, affecting the central nervoos j 

system and exhibiting a special tendency for localisation in the j 

anterior cornua oF the spinal cord. 11x6 detailed description j 
of the disease was given by Heine (1840) and Medin ( 1890 ), hence 
it 15 often referred to as Heioc-M^in disease. Our knowledge 
regarding its epidemiology and immunity is far from complete. 

One of the smallest viruses, it measures about 12-17^^. 
passing readily through bacterial fillers. It is probable that this 
virus has a cylindrical shape, as suggested by recent studies. 

It stimulates the formation of indosion bodies. It is cssentiany 
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a oeurotropic virus. Heat and oxidising agents readily destroy 
the virus. The action of glycerol, freezing and drying is resisted 
(or long, and when preserved at 0" C. in 50 per cen t. glycerol, 
the virus remains viable for several years. It has been cultivated 
in tissue cultures, containing tissue of human embryo 
‘ The disease can be reproduced in monkeys ; the cotton rats 
and white mice are susceptible to certain strains of the virus. 
Other animals are quite refractory. Filtrates of materials from 
infected spinal cord and brain, when inoculated subduraliy or 
intraperitoneally into macacus monkeys, give nse to a disease 
which is clinically and histologically identical to human polio- 
myelitis, Transmission from monkey to monk^ is possible. 

Acute anterior poUomyeluis affects onl> man It has a 
world wide distribution, occurnng aihcr in qudcmic or endemic 
form. Jt is more frequent in colder than in i^arraer climates, 
and in the former us highest mcidcncc is m the late summer and 
early autumn. Its mam incidence is in children between the ages 
of one and fifteen years. Infants under six months of age usually 
escape, possibly due to natural passive immunity acquired in 
Wero. Curiously enough, healthy children appear to be more 
susceptible to the disease than the sickly. In rural areas, adults 
arc more frequently attacked than in cities and towns Large 
outbreaks occur periodically in America and m some other 
countries. Poliomyelitis is not so common in India. t 

The precise mode of transmission has not been unravelled. 
It is probably through droplet from cases and carriers. The 
portal of entry may be the nose. This theory is based on the 
fact that the virus can be recovered from the nasopharyngeal 
washings of cases and contacts. Observations on the experi- 
mental pohomyeUtis in monkeys also support this view. Recent 
investigations show that the virus is present not only m the naso- 
pharynx but also in the ileum and the faeces of sick persons and 
healthy contacts and in sewage. Limited experiments with 
monkeys would seem to show that the virus can parasitise and 
multiply on the intestinal wall. Faecal transmission through 
water, nulk and food is, therefore, a probable method of spread. 
Flies also may play a role in the propagation of this infection. 
From the alimentary canal the virus may get into the nerves of 
the autonomous nervous system and pass on to the spinal 
cord. 
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lh^orip'rr»' have been introduced ib 

h fc"' <6= Principle and lecWqnr 

mHhoH. ^ h Jf'? '""'* “ '“P'nycri >n “S 

Alnted 1: 4,000, start with a small dose and gradually tea 
It. in Babes' method inactivation of the fixed virus is accom- 
pJisbed by heating the cord at varying temperatures, Remlicgcr's 
method of inactivation is by etherisation. 


Semple's method is to treat the virus with 1 per cent, carbolic 
acid. A 4 per cent, suspension of rabies material is made ia 
sterile normal salt solution and treated with I per cent, pbecol 
at 37° C. for twenty-four hours. U is then diluted with an equal 
Volume of sterile normal saline, making a 2 per cent, suspension 
in 0'5 per cent, phenol. \Vhethcr the virus is killed by this pro- 
cess or only inactivated, is not certain. Semple's method is now 
followed in many places and infected sheep brain has replaced 
rabbit cord. A course of fourteen injections of 5 ml. each given 
daily by the subcutaneous route is considered sufficient. * 

The usefulness of antirabic vaccination is beyond doubt. 
It has greatly reduced the inddence of the disease. \Vhfle the 
mortality rate among the uninocuUted nbo develop the disease 
is hundred per cent., that among the vaccinated is very low, l«s 
than 1 per cent. A condition of disseminated encephalomyelitis 
may appear as a complication any day from the sixth to Ibe 
twentieth after the commencement of the course (p. 692). But 
it is veo' uncommon and occurs only in adults. 


PoUomyeiHis 

Acute anterior polhuiyeUtis. or infantile paralysis, is ao 
acute infectious disease of viral oripn. affecting the central nervous 
system and exhibiting a special tendency for locaUsation in the 
anterior cornua of the spinal con?. The detailed descripiioit 
of the disease was given by Heine {1840} and Medin (1890), 
it is often referred to as Hcinc-Medin disease. Our knowledge 
regarding its epidemiology and immunity is far from complete. 

One of the smallest viruses iC measures about 12-17 
mssiiie reari'ly throii$h barterial filim. It is probable that tbs 
a ^liodrica! shape, as suggesW l-y ««nt sladl«. 
It Slirouiates the fonnation of inclusion bodies. It is esscnliaiiy 
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the onset of paralysis. The mtravecious or the intrarauscular 
route may be chosen as the cooditton demands. The dose is 
20-40 cubic centimetres. 

Prophylaxis. Both immune and convalescent sera may also 
be Used for prevention. A dose of 20^0 ml., admm/stered intra- 
muscularly, protects for about three weeks Active immunisa- 
tion against the disease with attenuated virus has been tned, with 
IhUe encouraging results. There is also potential danger m n. 
The likely existence of immunoJogicdUy distinct strains of the 
virus further complicates the problem. It xs doubtful uhether 
killed vaccine has any immunising value A non-specific method 
has attracted some attention. It is based on the supposed effi- 
cacy of zinc sulphate in blocking the mar*.h of the v/rus along 
the nerve track. A one per cent solution is sprayed intranasalJy. 
it is of doubtful uuUiy. 

Herpes Febrife 

' Herpes febriUs, or herpes simplex, is a mild eruptive disease 
of the skin and mucous membranes due to a virus which is dis- 
tinct from the virus of herpes zoster The relationship of the 
febrilis virus with epidemic encephalitis is discussed under that 
disease. 

The hnpes virus js present in the vesicular fluid and its size 
is about 100-150;t. It is resistant it‘ 50 per cent, glycerol and 
low ftmperatures. It is cultivated m the presence of living cells 
and in the chorio-allantoic membrane of the chick embryo The 
virus can be readily transmuted to many laboratory animals. 
Rabbits are particularly susceptible and the condition can be 
reproduced in them cither by miracoineaS, mtraderraal or intra- 
cerebral injection with filtrates of vescicular contents. Eosino- 
philic nuclear inclusion bodies are developed in their lesions. 

Herpes febrilis is a benign acute condition, characterised by the 
spontaneous appearance of crops of vesicles, usually on the lips 
(herpes labialis), cornea or gemtaliji <hcrpes genitalis). The 
vesicle ruptures soon followed by encrustation and healing, 
leaving no scar. The virus is probably oormally present m the 
naSQpbarynx of some people and is easily incited into activity by 
different causes, such as fevers, exposure to cold, nasal infection, 
emotional strain and others. Herpes is very common in 
pneumonia and cerebrospinal fever. 
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of iofelion takes place in the body 
not ,vd! understood. After gaining entry into the nasopfa™ 
. he vtrus probably spreads r«» the olfactoiy nerves. olfacK 
lobes and finally to the anterior comna, the selective site of at 
vjty. As the mfccaon spreads, any portion of the brain may 
attacked, but the main brunt falls on the anterior hora cells 
the cervical and lumbar swelliogs of the cord. Acute inflamo 
tory reaction of the affected part follows. The histologic 
picture is one of degeneration of the affected neurons with vacu 
lation and neuronopha^a, associated with perivascular infito 
tion with round cells. Intranuclear inclusions can be seen ia (1 
early stages; they are acidophilic and about 3-4ix in size. 

The incubation period varies between seven and fourtcc 
days. In the paralytic type after a short febrile period paralyt 
symptoms appear. The mortality rate varies in different epidi 
mics with an average of about 10 per cent. Permanent paralyti 
sequelae are frequent in the survivors. Besides the paralyti 
type, abortive and mlM cases, not progressing to the paralyti 
stage, may occur. All such cases also stimulate the productlo. 
of immunity. Usually, th^ escape detection and there is m 
direct proof of their occurrence, but serological investigations lem 
support to it. \VhiIe the incidence rate of clinically recogmso 
poliomyelitis is less than one per cent, a very much large 
proportion of the adult popuhition of endemic areas, abou: 
70 per cent, reveal the presence of immune bodies in theu 
blood. This is best explained on the assumption that the frequcnc) 
of infecuon is far more than the frequency of paralytic cases and 
that the former /caves in its wake active immuaity. U is also 
probable that healthy earners exist and serve to propagate 
the infection. 

Immunity. Solid and enduring immunity lasting for the 
remainder of hfe follows recovery from the disease and second 
attacks are extremely rare. It is associated with the present* of 
neutralising antibodies in the scrum which can be easily demon- 
strated by neutralisation tests. 

Treatment. An immune serum prepared from horses rs 
available. Its therapeutic vatuc as well as that of the coavalcsceat 
.gnun has not been established. Once the virus has invaded the 
flcrve cell, serum fails to produce any effect on it. Hence, semm 
should be given as early in the disease as possible and well before 
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• The disease occurs in periodic waves and recent years have 
witnessed great decline in its mudence This latter observation 
is probably not altogether correct, and mild cases and inapparent 
infection may be occurring, as judged from the fact that the 
sequelae of the disease are by no means very rare. At present it is 
endemic in all pans of the world The disease occurs in the 
epidemic as well as in the sporadic form. The central nervous 
system is the site of activity of the infective agent, the main brunt 
falling on the grey matter. The med brain, basal ganglia, pons 
and medulla suffer most. Characteristic histological changes, 
consisting of perivascular and diffuse infiltration side by side 
with degenexation of the neurons, are present in the grey matter. 
The mortality rate is 3CM0 per cent Serious sequelae may be 
left on the wake of the disease. 

St. Louis Encephalitis. This type was first recognised during 
en epidemic at St. Louis in the USA. It is probably present m 
many parts of the United States. Its virus aetiology was proved 
by the isolation of a virus from the brain of patients after death. 
It is cultivable in tissue culture and in the yolk-sac of the fertilised 
hen’s egg. There is some minor anugenic relationship between 
this virus, West Nile virus and the virus of type B encephalitis 
of Japan. The condition can be reproduced m monkeys and 
mice by the intracerebral inoculation of the virus The mosquito 
appears to be the transmitting agent of infection. There is no 
complete proof to incriminate any ammai as the natural reservoir 
of infection; probably, many birds and mammals are naturally 
infected. 

Australian X Disease. This is another form of encephalitis of 
proved viral origin. Close rdationship has been shown to exist 
between the virus of this disease and that of loupmg-iil, a virus 
disease of sheep. The former is also related to the virus of type 
B encephalitis of Japan. The disease has been reproduced m 
monkeys and mice. 

Japanese Encephalitis. Two types of encephalitis, type A and 
type B, occur in Japan. The former is probably identical with 
enccphalius lethargica. Type B has been proved to be due to a 
virus, the size of which has been estimated to be about 20~20mfi. 
It can be grown by the tissue culture and the chick embryo methods. 
The disease is communicable to rabbits, guinea-pigs, mice and 
monkeys. The mosquito may be the transmitting vector; many 
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™mun.ty developed is very evanescent and recurraii 
attacks may occur at short intervals eves though antibodies oat 

rahh^d apmmeati! 

raobits develop marked resistance. ■ • . • 


Herpes 2i>ster or Sbiagles 

Heipes zoster is a mildiy contagious and acute disease, 
characterised by a vesicular cutaneous eruption. It is probshly 
due to a virus. The condition is distinct from herpes febrilis. 
The relationship of herpes zoster with varicella is discussed under 
that disease (p. 700). 

Herpes virus is about 250/* in sire. It is both dermotropic 
and ncurotropic, and besides the skin lesions, histological changes 
are found in the posterior root ganglia and the correspoedisg 
region of the spinal cord. The presence of intranuclear acido* 
phile inclusion bodies in the skin lesions and of elementary bodies 
in the vesicular fluid has been reported. The virus is cultivable 
in the chorio-ahantoic membrane of the developing chick embryo. 
Susceptible children can be successfully inoculated with titrates 
of malertals from vesicles, but all laboratory animals are refractoiy. 

The characteristic rash consists of vesicles on the skin ushered 
in by local hyperasthesia and erythema; pain and itching are 
marked features. Usually, eruptions arc tmllateral and distributed 
along the course of one or more sensory nerves. One attack 
confers prolonged immunity. 


Encephalitis 

Several types of crtcephaKlis have been described from various 
parts of the world. White the aetiology of some of them 
been definitely proved to be a virus, the cause of others still remains 
obscure. 

Encephalitis Lcthargica. This Is an infecUous disease of 
unknown aetiology. AU attempts to discover the cause have 
proved futile. The great sfumbliug block in the way is the absence 
of susceptible animals, A virus hypothesis has ^en put for- 
ward. Some workers claim to have isolated the virus ofhen^ts 
febrilis from cases of encephalitis Icthargica and reproduced an 
identical condition in monkeys and rabbits by inoculau'ng 
the sain« virus intracerebrally. Others have failed to corroborate 
this and the claim for the Jicipes virus remains unproved. 
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Acute Lymphocytic Chorio-Meningitis 

This is a benign form of meningitis due to a filterable virus 
and often running a prolonged course. It is also referred to as 
acute aseptic meningitis. 

The virus is 37-60 ttip, in diameter. Ti gross s on the yo1}c*sac 
of hen’s egg. The condition can be transmitted to mice, mon- 
keys and guinea-pigs by the intracerebral injection of (he cerebro- 
spinal fluid obtained from the patient But it should be remem- 
bered that the infection occurs naturally in mice. The source 
of human infection and the mode of transport are both obscure. 

In the early stage of infection the s'lrus is present in the blood; 
later as meningeal symptoms appear the organism is present in 
the cerebrospinal fluid. Eosinophilic nuclear inclusion bodies 
have been described in the bram. Both neutralising and comple- 
ment-fixing antibodies arc present in the scrum of human cases, 
ceatacts and of experimental animals, fhe cerebrospinal fluid 
i* sterile for ordinary bacteria. It shows a lymphocytic increase 
of 200 Of more cells per cubic centimetre. Complete recovery 
is the rule. The diagnosis can be established by the intra- 
cerebral inoculation of 0'02c.c. of spinal fluid into a healthy 
mouse which takes ill in about six days and dies m another two 
or three days. 

Variola or Smallpox 

Smallpox is a highly contagious exanthematous disease 
caused by a virus. Alastrim is now ac«plcd as a mild form of 
smallpox due to an attenuated siraio of the same virus. No 
immunological distinction can be made out between the virus of 
alastrim and the variola virus. 

The size of the variola virus is 125-175 m/* It does not 
readily pass through bacterial filters. It is present in the 
•vesicular fluid and the encrustation of the specific lesions. Cell 
.inclusions, Guarnieri bodies, are formed in the lesions and ele- 
mentary or Paschen bodies arc demonstrable in the vesicular 
contents. The virus has been cultivated m the rabbit’s testicle, 
tissue culture and in the developing chick embryo. 

The smallpox virus is not very virulent to the laboratory 
animals ; inoculated intradermally into the calf or rabbit, it pro- 
only a inl’'’'’''cal lesion. Monkeys are more reactive and 
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Sf «P«fmenialIy infected and the vires per- 

sists in the mosquito for scvera! weeSrs. 

It.'. The virus of this form of ecapii. 

Uiis IS ntitigenically related to the virus of type B eneeplalilii of 
Japan and to the St. Touis virus. 3t is infective for mice sod 
rJiesu5 wonkeys. 

Equine Encephalomyelitis. This is a natural virus disease of 
horses first reported from North America. Two types have 
been described, the ** western ” and the “ eastern The occur, 
fence of both types in man has been reported. 

Acote J>is$emmated EncephaiomyeEtfr. An acute form of 
disseminated encephalomyelitis, involving the whole of the ccatnd 


ner\'OUS system, may rarely occur as a post-vacdnal sequela, after 
certain infectious diseases like smallpox, varicella, measles, 
mumps and influenza, and during antirabic inoculation. Tht 
clinical and histoJosioi) pictures are similar whatever be the cause. 
The condition is distinct from encephalitis lethargica and acute 
poliomyelitis. In contrast to the neurological changes produced 
by the known neurottopic viruses, perivascular demyeh'nation is 
the most conspicuous feature of this condition. 

The post.vaccinaJ form occurs about 7-14 days afier vacci- 
nation. Yeung infants are immune. It is more frequent after late 
primary vaccination ; (hough seidom, it has also occurred after 
revaccination. The onset is sudden, and the course lasts foesheut 
a week. The death rate is about 5&'6D per cent. Recovery may 
- '■ . * * * ■ i' — V be complete. 

. , . 5 . iltration aad 


large areas of perivascular softening are conspicuous features. 
Though the lesion is diffuse^ the white matter of the cerebrum, 
brain stem, pons and medulla arc more severely affected, fhc 
cord also may be involved, especially of the lumbar region, 
perivascular demyeJination and the diffuse nature of iaSltratios, 
spreading from the perivascular areas and diminishing to the 
periphery, mark out this condition from encephalitis, poliomyclids 
and rabies. , , 

So far the search for a cause has proved unsuccessful, -me 
canditian bas been variously suggested to be due to the virus of 
(he primary disease itself, to some other latent virus actirated 
by vaccination or the primary IsfecUon, to a fresh virai infection, 
to some toxic products and to allergy. ■ 
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Acufe tymphocytie CSorio-McniBgiJis 

^ This is a benign form of meningitis due to a filterable virus 
and often running a prolonged course. It is also referred to as 
acute aseptic meningitis. 

The virus is 37-60 tnfi in diameter. Tt grows on the yolk-sac 
of hen’s egg. The condition can be transmitted to mice, mon- 
keys and guinea-pigs by the intracerebral injection of the cerebro- 
spinal fluid obtained front the patient But it should be remem- 
bered that the infection occurs naturally in mice. The source 
cf human infection and the mode of transport are both obscure. 

In the early stage of infection the virus is present in the blood,' 
later as meningeal symptoms appear the organism is present in 
the cerebrospinal fluid. Eosinophilic nuclear inclusion bodies 
have been described in the brain. Both neutralising and comple- 
ment-fixing antibodies arc present in the serum of human cases, 
contacts and of experimental animals. The cerebrospinal fluid 
is sterile for ordinary bacteria. It shows a lymphocytic increase 
cf 200 or more cells per cubic centimetre. Complete recovery 
is the rule. The diagnosis can be established by the intra- 
cerebral inoculation of 0 02c.c. of spinal fluid into a healthy 
nouse which takes ill in about six days and dies in another two 
or three days. 

Variola or Smallpox 

Smallpox is a highly contagious exanthematous disease 
caused by a virus. Alastrim is now accepted as a mild form of 
.smallpox due to an attenuated strain of the same virus. No 
immunological distinction can be made out between the virus of 
nhstrim and the variola virus. 

The size of the variola virus is 125-175 /w/i. It does not 
readily pass through bacterial filters. It is present in the 
-vesicular fluid and the encrustation of the specific lesions. Cell 
inclusions, Guarnieri bodies^ ate formed in the lesions and ele- 
mentary or Paschen bodies are demonstrable in the vesicular 
Contents. The virus has been cultivated in the rabbit’s testicle, 
tissue culture and m tlie developing chick embryo. 

■ The smallpox virus is not very virulent to the laboratory 
animals ; inoculated intradenoally into the calf or rabbit, it pro- 
duces only a mild local lesion. Monkeys are morejreactive and 
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goes through the usua! eraiationaty stages seen in simlipej, i 
SUCCMSJVC passage through these animals, the virus undcrgoi 
certain bioiogicai changes, acquiring tventuaiiy &\\ the char 
ctenstics of the yaccinia mas. This transformed vaccinia vin 
has become attenuated and lost its ability to cayse varioia so 
on remocuiation into man produces only vaccinia. In ail t&ej 
respects, the vims of alastrim behaves in the same ’way as ti 
. Virus of variola. 


Smallpox is vndely distributed in the tropics and sublropic 
and in these regions it is stiK a devastating disease. At one time i 
was equally prevalent and serious in the temperate regions too, bet 
as the result of extensive prophylactic immunisation and iznprovw 
public health measures, it is now relatively infrequent and nuldc 
in those places. America has the second heaviest incidence witl 
India leading. But in the former country it is the mild aiasifar, 
type that « prevalent. Natural immunUy to smallpox elfhex dett 
not wist or is very rare. Variola is one of the most contailous 
of all infectious diseases, and race, age, sex and similar factors do 
not infiuence its incidence. C/sually smallpox occurs in the form 
of epidemics of varying extent and seventy. Sporadic casts also 
occur. A reduction in the severity of the disease and presumably 
in the virulence of the organism during the last fiAy years has 
been reported. It may be only apparent and explainable ^ the 
pro^cssivc increase in the practice of protective vaccinalioR. 
Inappaicnt infection and silent immunisation may also be occuc- 
Ting, stepping up the mass immunity. 

Transmission, The precise mode of transmission is unknown. 
The patient is infectious not only throughout the clinical course but 
also during the incubation period, thus rendering quarantine 
an inadequate protective measure. The body after death is still 
a source of infection. The virus h present in the skin lesions 
5\nd probably in the nasopharyngeal secretions. Direct ttanv 
mission through infected droplets and other air-borne particles 
appear to be the method. They gain entry through the upper 
respiratory tract and the virus primarily settles in the naso- 
pharynx. Since the virus resists desiccation, transfer through 
dust coQlainmg dry scales and minute particles of crust cannot 
be ruled out. Direct implantation of variolous material imo the 
skin does not se«n to play any important part in traiisrafsiw^- 
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A pregnant woman contracting iofection may transfer it to ber 
progeny. Contact carriers may also serve to spread the infection 
for a limited period. 

From the nasopharynx the virus is distributed throughout 
the body, reaching the skin through the blood stream. It can 
be demonstrated in the blood and internal organs. 

I The incubation period varies from 9-15 days. The disease 
starts with high fever, severe headache and other general symptoms. 
The specific rash appears on the third day in the form of discrete 
shotty papules. The evolution of the rash proceeds from papule 
through vesicle and pustule to encrustation and scarring or 
pitting. Pustulation is associated with secondary infection with 
pyogenic cocci. Variola may rarely occur without the rash; 
it is also infectious. Inclusion bodies, first desenbed by Guamicri 
{1892), are present in the cytoplasm of the epithelial cells of the 
deeper layers of the pock. Elementary or Paschen bodies are 
hVewise present in the lesions, which can be demonstrated in the 
papular and vesicular stages of the disease. Considerable dis- 
figurement may be left on the wake of the disease The mortality 
rate is high, 30 per cent, or over in severe epidemics. 

Irnmnalty. Survival from smallpox is generally accompa- 
nied by a hi^ degree of resistance, lasting for the balance of life. 
But second and even third attacks may occur ; they are very mild. 
The scrum of the immune person contains antibodies • neutralising, 
complement-fixing, flocculating and agglutinating. The neutra- 
lising antibody is probably virucidal, and its presence can be shown 
by neutralisation tests in suitable animals, the presence of others 
are revealed by appropriate in vitro tests using as antigen materials 
from vesicles or cowpox. 

Vaccinia, or cowpox, is due to a filterable virus. It is a local 
disease confined to the udder and teats. The virus is I25-I75m/iin 
size and is not readily filterable. It is easily communicable to calves 
and rabbits. From cows man may get vaccinia, but, as in cows. 
Only localised lesions are produced at the inoculation points and 
Without causing general disturbance. As a result, he develops 
immunity not only against vaccinia but also against variola. It js 
Ibis observation of Jenner that paved the way for developing pro- 
*^vc vaednation against smallpox on rational lines (p. 225). 

No decision has yet been reached about the relationship of 
the cowpox virus with the variola virus. Slight antigenic differ- 
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develop on mtracutaneous inoculation a wical erupiion nW 

“'T' '''‘’’“'““O' stages seen in smallpoj. B; 
soccesstvc passage through these animals, the virus u;d«gos 
certain biological changes, acquiring evcnmUy all the chara- 
ctenstics of the vaccinia virus. This transformed vaccinia vii^s 
has b^ome attenuated and lost its ability to cause variola and 
on reinoculatlon into man produces only vaccinia, fn all these 
respects, the virus of alastrim behaves in the same way as ihi 
. virus of variola. 


Smallpox is widely distributed in the tropics and subtropics 
and in these regions it is still a devastating disease. At one time it 
was equally prevalent and serious in the temperate regions too, but, 
as the result of extensive prophylactic iromunisation and improved 
public health measures, tl is now relatively infrequent and milder 
in those places. America has the second heaviest incidence with 
India leading. But in the former country it b the mild alastrim 
type that is prevalent. Natural immunity to smallpox either docs 
not exist or is very rare. Variola is one of the most contagious 
of ail infectious diseases, and race, age, sex and similar factors do 
not influence its incidence. Usually smallpox occurs in the form 
of epidemics of varying extent and seventy. Sporadic cases also 
occur. A reduction in the severity of the disease and presumably 
m the virulence of the organism during the last fifty years has 
been reported. It may be only apparent and explainable by the 
progressive increase in the practice of protective vaccination. 
Inapparent infection and silent immunisation may also be occur- 
ring, stepping up the mass immunity. 

TYansmission. The precise mode of transmission is unknown. 
The psiknt is infectious not only throughout the clinical course but 
also during the incubation period, thus rendering quarantine 
an inadequate protective measure. The body after death is stiii 
a source of infection. The virus is present in the skm lesions 
and probably in the nasopharjmgea! secretions. Direct trans- 
mission through infected droplets and other air-bome particles 
appear to be the method. They gain entry throu^ the upper 
respiratory tract and the virus primarily settles in the naso- 
pharynx. Since the virus resists desiccation, transfer through 
dust containing dry scales and minute particles of crusty cannot 
be ruled out. Direct implantation of variolous materia! info the 
sVin docs not seem to play any important part in iransmissiofl- 



VIRUS DISEASES OF MAN 


697 


Vaccine Lymph. Vaccine prepared for prophylactic immuni- 
satioQ against smallpox is call^ vaccine lymph or calf lymph. It 
consists of vaccinia virus grown usually on cows together with 
the products of inflammation, preserved in 50 per cent, glycerol 
in order to destroy the extraneous organisms, hkc staphylococci 
and streptococci. As glycerol is not lethal to the virus, the active 
agent in immunisation is the live virus. 

Healthy female calves, 4-6 months old, are chosen. Scari- 
fications or linear incisions arc made on their abdomen after 
dcpilation and thorough cleansing. The seed lymph, which is 
kept fully active by frequent passage through rabbits, is then 
inscrninated into the cut surface. Rigorous precautions about 
cleanliness should be taken. By the fifth day pustulation would 
have ensued when the lesions are scraped with a spoon with aseptic 
care and the material (pulp) Is emulsified with 50 per cent, glycerol. 
The mixture is preserved in the cold in sealed containers for several 
weeks ; by this the bactenal content of it would have considerably 
dinjinUhed. Sterility tests, both aerobic and anaerobic, are 
conducted periodically. Complete bacteriological purity is hard 
to achieve. After a final testing for sterility and potency the 
product is sent out in vials or capillary tubes for vaccination. 
If properly preserved in the dark and cold, the vaccine remains 
Unimpaired for three months. 

Diagnosis. The diagnosis of smallpox is easy and no labo- 
ratory tests are usually required. Rarely some difficulty may be 
encountered in diflferentiating it from chickenpox. In doubtful 
cases a flocculation test may be done by mixing the ground up 
materials from pocks with antivaccioal rabbit serum and incu- 
bating the mixture at 37® C. A positive reaction is obtained in 
variola but not in varicella. A positive agglutination reaction 
is likewise obtained in smallpox with the patient's serum and a 
suspension of-Paschen bodies. For testing the presence of 
complement-fixing antibody in the patient's serum, a saline sus- 
pension of variolous crusts may be used as antigen. Paul s test 
consists in the inoculation of the vesicular or pustular contents 
into the scarified cornea of a rabbit. In positive cases, a keratitis 
develops in which Guamieri bodies are demonstrable. A nega- 
tive reaction, as it docs not exclude variola, has no value. Similar 
lesions are not produced with varicella pus. 
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Z u^u ®"‘ ’>=« vaccinia is nsd 

for both regardless of the onpa A Bumier of poet diseases 
due to virus occur naturally in man and animals; smallpox and 
^astnm, cowpox, sheeppox, swinepox, fowlpox and ote. 
Close resemblance ejusts among these, but whether these diseases 
are due to the same organism or whether there is a spedfic one 
for each, is not clear. These viruses may be closely related. Itis 
possible that they have a'common ancestor in the cowpox virus and 
that the varying characteristics arc the result of adaptation through 
long sojourn in diSerent host species. Another view is that the 
variola virus is the piircnt strsin from which sll others hsve sprung. 
Possibly, all these viruses can be converted into vacemia virus 
through suitable animal passage and, notwithstanding any minof 
serological differences between such biological variants, effective 
cross protection among them may be possible. This has been fully 
established in the case of the viruses of smallpox and cowpox. 

Several strains of vaccinia virus arc now in use for the pf^ 
paration of vaccine lymph. Some of them are ori^nally ^enved' 
front cowpox, while others arc probably modified variola strains. 
They are readily transferable into calves and rabbits and are 
maintained with full potency by alternate inoculation into these 
animals. A good calf lymph will cause a lesion in a minimum 
dilution of 1 ; 1,000. Inoculated into scarified shin of the calf 
or rabbit, it produces swelling and erythema going on to a deBnite 
papule by the third day, vesicle containing clear fluid by the fifih 
day and pustulation and scabbing in S'-IO days after inoculation. 
Histologically, epithelial cells of the lesions show large intra* 
Cif 3 fX}.w-j hoebes; eleroenlaiy or Paschen bod)« arc 
also present in the lesions. If the calf lymph is inoculated intra* 
peritoneally into the rabbit in suitable doses, generalised eruption 
on the skin and lesions jn the intcroal organs occur. Senal 
passage through the rabbit’s brain gives rise to a fixed virus calJw 
neurovaccine. In some of the European countries this is used 
for vaccination instead of calf lymph. ^ 

' The vaccinia virus can be cultivated in minced fresh kidn^ 
from ben or rabbit suspended in Tyrode’s solution or in minced 
rhick embryo suspended in the same fluid or in the chon^allan- 
toic raembrane of the developing chick. Elementary bodies are 
demonstrable in such cultures. * ’ 
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iodicative of grades of partial immunity, accelerated or vaccinoid 
reaction. A primary type of reaction signifies a complete break- 
down, and absence, of immunity. Absence of reaction after 
primary vaccination means failure of vaccination due to impotent 
lymph or faulty technique. 

The best period for primary vaccination is between six weeks 
and six months, done preferably during the cold weather. Immu- 
tJUy is found to develop in about eight days after successful 
inocubtion; Hence, vaccination immediately after exposure 
prevents or modifies the disease. The area of foveation, and not 
Its number, is considered to be a rough indication of the strength 
of immunity. The immunity acquired is of a high degree and 
lasts for a-minimum of five to seven years, it may be longer but 
usually not life-long. Hence, vaccination should be repeated 
before the seventh year and again whenever there is the prospect 
of exposure. It is a safe practice to rcvaccinate whenever there is 
an outbreak of smallpox epidemic, and this applies even to those 
who have had the disease. As a community constantly receives 
unprotected newcomers, all such susceptibles should be regularly 
vaccinated. Also, whenever there is a threat or actual outbreak 
of epidemic everybody should be revaccinaied regardless of recent 
vaccination or disease. 

Some of the rare complications of vaccination are suppuration 
of the lesion due to the presence of pyogenic cocci m the lymph or 
to secondary infection, generalised vaccinia, tetanus and encepha- 
lomyelitis (p. 692}. The last named is a dangerous complication 
mostly following primary vaccination in older children. It seldom 
occurs after revaccination, A number of cases occurred at one 
time, but now it is extremely rare Its cause is unknown The 
Vaccine lymph does not seem to be the direct cause. Early 
primary vaccination has been advocated as a preventive. 

Undoubtedly, vaccination is of great i^luein the prevention of 
smallpox; in fact, it is the only one of any value It has reduced 
not only the incidence of smallpox but also its morbidity and mor- 
ality. Statistical evidence is m full harmony with this conclusion. 

Cfaickenpox or Varicella 

Chickcnpox, or varicella, is an acute and highly contagious 
disease, characterised by a vesicular eruption occurring in crops. 
Its cause is most likely a virus. 
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Zt or Z of Iho sick and quara,. 

ol t *ys are oaeM. 

Specific prophylaxis « by vaccination. \Vhi1e no specific 
thcrapeinic measures arc available against smallpox. efTecdre 
and Jjstjng protection can be induced in the susceptible subject 
by activc^ immunisation with living vaccinia .virus. Active 
immunisation had been practised with smallpox pus from ve;y 
ancient times in China and India, but our present ^newfedge 
about it dates from 1796 when Edward Jenner made the epoch, 
making observation that milkmaids who bad suffered Projn cowpex 
were immune Jo Daring zeem times ccasidcrahksdi^n^ 

CCS have been made in the theoretical aspect of vaccination and 
certain improvements, such as the use of glycerine to control the 
contaminating bacteria, have been made on the practical side. 
The preparation of smallpox vaccine has been described above,' 
Calf lymph is the one now generally used. Lymph from vaccinal 
lesions from other animals has also been found satisfactory. ‘ 
Variola virus from infected patients is too risky. Neurovaccine 
fp. 696) is used in certain places in Europe, In America firnitcd 
(rials have been conducted with the culture virus. It has the 
advantage that it is bacteria-frec. 

Vaccination is performed by cutaneous scariffcaffcttr. 
multiple puncture method appears to be superior to other methods. 
After gentle but thorough cleansing, the lymph is deposited on 
the skin and light tcarification made through it. A loraMcsion 
is produced which shows all the sequence of events seen in small* 
pox. But it is not contagious though autoinoculau'on may occur. 

}n primary vneemaiioa, the height of reaction is reached in nine 
to ten day.s after inoculation, but this is shortened in subsequent 
vaccinations. The reacijon is essentially a focal maaifesutias, 
but there is also general diffusion of infection throughout the body, 
engendering active immunity of a high grade. In those who had 
been previous// immunised, either as the resait at natural ujfe. 
ciion or vaccination, the intensity of reaction vanes and reaches 
its zenith after a shorter interval than in primary vaccination. 

In a person possessing n high degree of immunity, the maximum 
reaction is a papule appearing within three days after inoculation. 

■Hu's type of reaction is called tie utmune recrerm. Between this 
(id the type of primary reaction, intermediate types occur 
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indicative of grades of partial immuatty^ accelerated or vacemoid 
reaction. A primary type of reaction signifies a complete break- 
down, and absence, of immunity. Absence of reaction after 
piimary vaccination means failure of vaccination due to impotent 
Jymph or faulty technique. 

Tbe best period for primary vacanation is between six weeks 
and six months, done preferably during the cold weather. Immu- 
nity is found to develop in about eight days after successful 
inoculation; Hence, vacdnation immediately after exposure 
prevents or modifies the disease. The area of foveation, and not 
Its number, is considered to be a rough indication of the strength 
of immunity. The immunity acquired is of a high degree and 
lasts for a-minimum of five to seven years ; it may be longer but 
usually not life-long. Hence, vacanation should be repeated 
before the seventh year and again whenever there is the prospect 
of exposure. It is a safe practice to rcvaccinate whenever there is 
an outbreak of smallpox epidemic, and this applies even to those 

have had the disease. As a community constantly receives 
unprotected newcomers, all such susceptibles should be regularly 
vaccinated. Also, whenever there is a threat or actual outbreak 
of epidemic everybody should be revaccinaied regardless of recent 
weeination or disease. 

Some of the rare complications of vaccination are suppuration 
of the lesion due to the presence of pyogenic cocci in the lymph or 
to secondary infection, generalised vaccinia, tetanus and encepha- 
lomyelitis (p. 692). The last named is a dangerous complication 
mostly following primary vaccination in older children. It seldom 
occurs after rcvaccination. A number of cases occurred at one 
tune, but now it is extremely rare. Its cause is unknown. The 
vaccine lymph does not seem to be the direct cause. Early 
primary vaccination has been advocated as a preventive. 

Undoubtedly, vaccination is of great value in the prevention of 
smallpox; in fact, it is the only one of any value. It has reduced 
not only the incidence of smallpox but also its morbidity and mor- 
ality. Statistical evidence is in full harmony with this conclusion. 

Cbickenpox or Varicella 

Chickenpox, or varicella, is an acute and highly contagious 
disease, characterised by a vesicular eruption occurring in crops, 
Ils cause is most likely a virus. 
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aetiological relationship with herpes ros 

, j or closely relaW as ia 

cat^ by the striking cross imranaily between them. . The senim 
vancelJa patients gives positive compferaent-fixaUon reaction w 
antigen derived not only from varicella but also from facrj 
zoster. Intranuclear acidophile cel} inclusions, similar fo tfc( 
found in herpes zoster, are found in the epithelial and enc 
thelial cells of the varicella lesions. Elementary bodies ha 
likewise been demonstrated in the vesicle fluid of both. Furth 
with the vesicular contents of herpes zoster, it has been possil 
to produce varicella in susceptible children but not in those v>] 
have had chickenpox. Such successful inoculation renders the 
immune to varicella. Clinically, the non*iminune contacts of herp 
zoster may develop typical chickenpox and contacts of chicke 
pox may develop zoster. A point of difference Is that while il 
virus of chickenpox is extremely infectious, that of zosttt evisei 
only a low order of infectivity. 

Varicella is readily communicable to children by the inocuh 
tion of filtrates of vesicular material. By the intratesticuls 
inoculation with the same material, it is also transferable to vervt 
monkeys, in which cell inclusions are also developed. 

Varicella is more frequent In children. Usually far aiilde 
in nature than smallpox, it has a general epidemiological am 
clinical resemblance to it, but the two are not causally related 
As in the case of smallpox, transmission is probably through th« 
nasopharyngeal route. The incubation period is tw'o to thrw 
weeks. The disease is most infectious in the early stages, acd 
after about ten days from the appearance of the first crop oi 
eruption, it is no more infectious. 

An attack of chickcapox usttaiiy confers iife^ong protecnoa* 
Second attacks may occur. Neutralising antibodies are present 
in the blood; agglutinins, prccipitins and complement-fixing 
antibodies may also occur. 

Active immunisaU'on with the vesicular fluid is possible but 
seldom practised. Convalescent scrum has protective properties 
and may be used both for prophylaxis and treatment. 

Measles 

Measles is an acute highly infectious febrile disease usually 
occurring in epidemic form and primarily affecting childreo. 
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Very little is known about its aetiology- It has not been possible 
to find out a susceptible anirnal. The suggestion, based on the 
results of human and animal experinoents, that a virus is its cause 
is highly probable; it is further suppoited by the consistent 
failure to isolate any organism from measles and also by the nature 
of the immunity engendered m the disease 

Some workers claim to have reproduced the disease in monkeys 
and man by inoculating them with blood taken from measles 
cases at the height of fever. From these inoculated cases they 
have isolated a virus. Further, they have been able to pass the 


infection serially through these animals. 

Filtrates of blood and nasopharyngeal washings from cases 
of measles give rise to inapparent growth m the chick 
membrane and from this successive subcultures can be obtaiPc 
in fresh eggs. With this culture material the disease has cen 
reproduced in monkeys. , . 

II bas betn claimed that by intraiesticular 
ufisetive agent can be maintained in the rabbit and tna 3 
number of passages in these animals the virus can pro uce t e 
typical disease on reiooculation into man 

Measles is one of the commonest acute infectious i 
afld natural immunity to it does not exist m man. "5“® ^ 
disease occurs in epidemic form. It i* more ® 

latitudes. Measles is primarily a disease of childhoo , a 
80*90 per cent, of cases occurring below the age o cigh • 
Young infants below five to six months generally o no ' 

presumably because of passive immunity inherite rom • 

Most likely the infection is transmitted by drop et and en 
through the upper respiratory tract. The possibility ° 
uterine infection has been soggesfed. Measles is no * 
during the incubation period; it is highly . . 

clinical course and ceases to be communicable after the rasn na 
faded. . 

The incubation period of measles is about .. 

early appearance of Koplik spots is 
cated cases run a definite course and show a mortality 
less than J-2 per cent. . 

Tic disease is dangeroos because of the '‘’"’f!'® 

tions and sequelae it is liable to. The iafeetion renders be mneou 
®«nbrane of the upper respiratory tract very unhealthy, paving 
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yhJ,- ^ aetiological relationship with hcrpts zosto 

catM by the striking cross immunity between them. The sen® < 
variceila patients gives positive compfemont-fixatitm reaction wit 
sbtigen dcfired not only from varicella but also from heipe 
zoster, lotranucfcar acWophile cell inclusions, similar to thosi 
found in herpes zoster, are found in the epithelial and endo 
theliai cells of the varicella lesions. Elementary bodies hav 
likewise been demonstrated in the vesicle fluid of both. Foriher 
with the vesicular contents of herpes zoster, it has been possibli 
to produce varicella in susceptible children but not in those whe 
have had chickenpox. Such successful inoculation renders them 
immune to varicella. Clinically, the nondmmune contacts of herpes 
zoster may develop typical chickenpox and contacts of chicken- 
pox may develop zoster. A point of difference is that whiJe the 
Virus of chickenpox is extremely infectious, that of zoster tvintts 
only a low order of infectivity. 

Varicella is readily communicable to children by the inoeuls- 
lion of filtrates of vesicular material. By the intralesileiilar 
inoculation with the same material, it is also transferable to vervet 
monkeys, in svhich cell inclusions are also developed. 

Varicella is more frequent in chiidren. Usually far milder 
in nature than smallpox, it has a general epidemiological and 
clinical resemblance to it, but the two are not causally related. 
As in the case of smallpox, transmission is probably through the 
nasopharyngeal route. The incubation period is two to tbrte 
weeks. The disease is most infectious in the early stages, and 
after about ten days from the appearance of the first crop of 
eruption, it is no more infections. 

An attack of chickenpox usually confers life-long protection- 
Second attacks may occur. Neutralising antibodies are presmt 
in the blood; agglutinins, ptecipitins and compicmeot.fiiing 
antibodies may also occur. 

Active iaimunijation with tbe vesicular fluid is possible but 
seldom practised. Convalescent scrnin has protective properties 
and may be used both for prophylaxis and trc,itn)ent. 

Measles 

Measles is an acute highly inlcctious febrile disease usually 
jccurring in epidemic form and priaatUy alTectiog children. 
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one is more potent than adult 5ecunj» and convalescent serum 
is more powerful than either. The dose of itnmune scrum is 
2ml tor children under three years of age. The dose of adult 
servm far (he same age penod is 20 ml., double the quantity of 
cjtrated blood may replace scrum placental extract may cause 
local and general reactions but not sera. Recently, gamma 
globulins have been reported upon very favourably from Aaorica. 

As aiienuation of the disease does not interfere with tbe 
development of active immunity, attenuation is preferable to 
prevention in the case of healthy children. But in the case of 
debilitated or very young children prevention is what is sought 
for. 

5enim Therapy. Convalescent serum may have some value 
if given in large doses, 40-50 ml intravenously, before the appear- 
ance of eruption. Immune globulin has also been used. 


German Measles 

Gennan measles is a milder disease than measles. Us aetto- 
Jojy is unJenotvn. One attach confers lasting protection. 
Although there is clinical slm'darjiy between German mwsles 
3fld measles, the former is aetiologically disimci from the latter 
as shown by their immunologtca! differences. 


Common Cold 

Common cold, or acute coryza, is an acute infectious dise^c 
affecting the mucous membrane of the upper respiratory tia 
A filterable virus has been incriminated as its cause. 

Etperimcntal transmission of the disease to man ^ c ira 
panrees is possible; other animals are refractory. T e viru 
increases in virulence by transmission in scries throug man. 
is cultivable in minced chick embryo suspended in Tyrodes solu- 
lion; concentrated filtrates of nasal washings from cases oi coi 
fom, the inoculum. Tbe disease can be reproduced m man oy 
Iheintraoasal instillation of the culture virus obtained after several 

subcultures in this medium. . . 

Gold is a very widely prevalent condition affecting t e 
pharyngeal mucosa. Transmission is direct through 
Tbe incubation period is short, 12-48 hours ^ 

predispose to attack: sudden chilling after exercise, sudden eniiy 
into close and stuffy rooms, exposure to drafts, wet eet an 
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invadets. The latter may ca 
otitis media oomplicaUoas, ! 

mcaslK nf, ' and encephalitis. Aga 

also art'*’ tt«r«lion with the tubercle barillas I 

also activates a latent tuberculosis. 

immunity acquired as the result of ; 
a tack of measles is solid and life-long; second attacts are «« 
oingty rare. Convalescent serum has marhed protective propeiiii 
Antibodies tend to persist in (he blood throughout iife, albeit 
diminished concentration. They are also found in the placen 
and an extract of j(, cahed immune ghduUn, is found to have pn 
tective properties. Adult serum also possesses protective power 
either due to measles in childhood or to subcUnical infcctiof 

A peculiar feature of measles is that it temporarily aboSshe 
or weakens bacterial immunity and allergy. A prior positn' 
tuberculin reaction may become negative or weak during tb 
course of the disease and for some time after. So also an cxistiai 
asthma or eczema may wane or disappear temporarily. Simi' 
larl)\ a fall in the tltrc of typhoid agglutinins has been noted. 

Prophylaxis. No method of active immunisation is available 
Passive immunisation is an efTcctive means of preventing measles 
temporarily or attenuating it after exposure, ft is done by 
administering convalescent serum intramuscvhrly. The dose is 
10 ml. for children under ilie age of three years and double that 
amount for those over three years. The passive immunity so 
conferred wears out in about three weeks. Whether complete 


protection or attenuation j.s to follow the injection, is determioed 
largely by the time of injection after exposure. If it is given 
within four days after exposure, about 95 per cent, escape disease 
from that exposure; a smaller dose given during this period 
instead of aborting the mfcctioo will modify it, enabling the 
patient to develop active immunity wiUiout the risk of a serious 
disease. If the scrum js given between the fifth and ninth day, 
(he incubation period is prolonged, the disease rendered nnld and 
complications and sequelae avoided or reduced in seventy, while 
active immunity is freely developed. Sut, if it is delayed beyond 
the ninth day after exposure, no appreciable effect on the course 
of the disftise and on the incidence of complications is noted. 

Immune globulin (placental extract) or adult serum may be 
used for prophylaxis in the absence of sen>m. The 
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first one is more potent than adult scrum, and con\aIescent scrum 
is more powerful than cither. The dose of immune serum is 
2in/. for children under three yeafs of age. The dose of adult 
semm for the same age period is 30ml. ; double the quantity of 
ntrated Wood may replace serum- Placental extract may cause 
local and general reactions but not sera. Recently, gamma 
globulins have been reported upon very favourably from America. 

As attenuation of the disease does not interfere with the 
development of active immunity, attenuation is preferable to 
prevention in the case of healthy children. But in the case of 
debilitated or very young children prevention is what is sought 
for. 

Semm Therapy* Convalescent serum may have some value 
lf|iten in large doses, 40-50 ml. intravenously, before the appear- 
ance of eruption. Immune globulin has also been used. 

Genssun Measles 

German measles is a milder disease than measles. Its aetio- 
logy is unknown. One attack confers lasting protection. 
Although there is clinical simdarity between German measles 
and measles, the former is aetiologically distinct from the latter 
as shown by their immunological differences. 

Common Cold 

Common cold, or acute coryza, is an acute infectious disease 
affecting (he mucous membrane of the upper respiratory tract. 
A filterable virus has been incriminated as its cause. 

Experimental transmission of the disease to roan and cnim- 
panzees is possible; other animals are refractory. The virus 
increases in virulence by transmission in scries through man. It 
is cultivable in minced chick cmhiyo suspended in Tyrodc s solu- 
tion; concentrated filtrates of nasal washings from cases of cWd 
form the inoculum. The disease can be reproduced in man by 
(he intranasal instillation of the culture virus obtained after several 
subcultures in this medium. 

Cold is a very widely prevalent condition affecting the naso- 
pharyngeal mucosa- Transmission is direct through droplet. 
The incubation period is short, 12-48 hours. Certain factors 
predispose to attack: sudden chilling alter e.xcrcise, sudden entry 
into close and stuffy rooms, exposure to drafts, wet feet and 
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hf mi' troublesome. It mv 

be followed by secondary tectrraJ infection which may profonj 
the cold and also lend to complications Itte chronic «u\ 
smusttis and bronchitis. Ue stophyhooeem is a very commoa 
secondary invader; the streptococcus and pneumoccccus m 
Others. 


Man has no naloral resistance to common cold; on iheothcr 
band, ready suscepiibHity is the striking experience, tounhy is 
not devcioped from an attack or, if developed^ is veiy transient 
No specific prophylaxis or therapy against coianioa coH 
IS avaiMbie. Imnmoisatlon against the secondary bacterial 
invaders with autogenous vaccine is useful and will limit the 
course of cold to its brief duration. 


InBacaza 

Inflttcnia is an acute febrile disease caused by a vitas, 
infucrtiQC^ regarded as the cause of influenza for more than 
three decades after its discovery in 1892, is not the primary cause 
of influenza, though it may play a frequent and important role 
as a secondary invader. The virus of influenza was discovered 
in 1933 by Smith, Andrews and Lai<J!aw. Their work has since 
been coafjrmcd by the recovery of the same oi but slightly difTcrent 
vintses from outbreaks of influenza in different parts of the world. 
Tbc virus has not been isolated from endemic cases. Such cases 
ore difficult to diagnose with certainty and the failure may have 
been due to a faulty diagnosis of influenza ; it may be xemctnbwed 
that influenza very often does not conform to any defiaitt clinical 
pattern. 

The virus is about 80-120 ntf* in diameter, e&tmiates 

would put it as 70-100 m>t. The virus grows in U5.suc cullutes, 
in the chorio*allantojc membrane of the chick, embri'o and in the 
allantoic fluid. Virus emulsions from these are used ^ antigens. 
'ftTiiit the virus particles are involved to the neutralisation reaction, 
a soJubie antigen present m the emulsion and apparently formed 
by the grooving virus would seem to be tbt antigen responsible 
for the complement-fixation test, 

Recent work indicates that there are iramunoIogicaUy dinerent 
strains of the influenza virus. Two strains, designated A and B, 
are definitely know-n. The neutraUsing antibodies developed 
against one ate specific to it aod do not neutraiisc^e other- 
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Unlike tbc original A virus, the B strain, first isolated in America, 
Cannot, be easily communicated to ferrets and mice. Innuenza 
«A is considered to be the more frequent cause of epidemics, but 
dn America B appears to be commoner. The strains of influenza 
A do not appear to be autigcmcally bomogeocous ; cross immunity 
tests reveal the existence of minor differences among them; so 
also with influenza B. 

The influenza virus shows a peculiar faculty of ag^utinating 
the erythrocytes of the chick. The agglutinating power is inhi- 
bited by scrum containing ncuiraltsiog antibodies against the 
influenza vims. Further, the iohibiung action of such antisera 
is specific with regards to the different strains of the vims, cither 
A or B. That is, the antiserum against influenza A will exert its 
inhibiting action only on virus A and not on virus P and iveo 
wro. Hence, it may be employed in the identification of strains. 

Ferrets arc susceptible and the disease can be reproduced 
in them by the iniraoasal instillation of filtrates of nasal washings 
from influenza patients. After an incubation penod of 48 hours, 
a characteristic disease develops in them. It lasts for a few days 
and never ends fatally. The introduenon of the material by the 
paranasal routes does not succeed, though it incites the production 
of immune bodies. After recovery, the experimental ferret is 
resistant to further infecuoo for a period of about three months 
and protective antibodies are present in its blood. Ferret to ferret 
h’ansmission may occur through contact or can be easily accom- 
plished by the intranasal instillation with the sick animaTs 
■ bacteria-free nasal washings. Only in the nasal mucous mem- 
brane, and not in any other situation, can the vims be detected 
in the infected ferret, Direct man to mouse transmission is not 
possible; but the ferret-adapted vims can be transmuted to mice 
causing a similar disease, associated also with broochopneu- 
niOQia,of which the animal usually dies in three to five days. It 
IS also possible to communicate the infection to hedgehogs. 

Influenza is of universal distribution. It occurs in pandemic, 
epidemic and endemic or sporadic forms. Climate, season, race 
and other factors have no influence on its incidence. Periodic 
fluctuations in the severity of infection is a conspicuous feature^ 
During the pandemic of 1918, more than 500 million people 
Were attacked with a fatality estimated variously as 15-25 luillion. 
The mode of Infection is through droplet entering through the 
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upper respiratory ira^ .The is found in rhe msopfeao-n. 

period h one to (tae ly, 
The dfflical picture presents a.varicty of loms, not i, 
any cue pnrtiedar type. Tb. disease is 
for the seventy of the symploms as for the aflcMfets, grarj 
complications and sequeiae. . 

_ ^ An identiMl disease occurs in the swine. The virus cawing 
xt is not'ffte .same as that of human influenza, but they stare a 
common antipenic factor, 71>e ibnner also causes sn sdenOal 
condition in ferrets and mice as the latter, 'Suggesting anOsesiic 
relationship. There Is also a bariiJus, J/. juis, fouud ic sssaciz' 
(ion with swine influenza. AVhile in human influenza Pfeiffer’s 
haciiins is oaly a secondary invader, swine influenza appears to 
be a conjoint infection by the bacillus and the virus. 

Imraunity, Man does not possess natural immunity againsi 
influenza. Tbe presence of a oatunil wrus-inactivating agent in 
the human nasal secretions has been recendy demonstrated 
(p. 16S). It is active not only against all strains of the influenza 
virus but also against a few other viruses lilcc those of herpes 
and louping-ill. The viruses of vaccinia, ectroroclja and pshta* 
c0S(5 are not susceptible to its action. Influenza is one of those 
diseases which develop only a transient acquired iminuaity. 
Recurrent attacks in the same individual are common; but there 
is the possibility that such attacks are due to scfologically 
different strains, fn (ftc recovered/ pstieaCs serum, aeutraMng, 
compfetnent'flxing and precipitating antibodies are developed and 
can be demonstrated by appropriate methods. The complem^t- 
fixing antigen appears to be common to the several serological 
strains of (he bumao influenza virus as well as to the rirus of 
swine influenza. Curiously enough, the presence of anlibodiw 
is not a sufficient guaraatce a^inst fresh attacks. A fa« 
percentage of Tionoal adults show such antibodies in their Wood. 
This is probably an indication that subclinical and unrecopnis^ 
infections commonly occur. Recovered ferrets likewise contain 
these autibodies in the blood. 

. lYeafmcnt. An anri-unfluenzal serum has been produced by 
immumsiog horses. It contains a high content of antibodies | 
and confers some protection to ferrets and mice. Neither this < 
immune serum nOr the convalescent serum is of any appreciable , 
value in treatment or prevention. 
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Prophylaxis. Attempts to induce active immunity in man 
has so far yielded only inconclusive results. A formalitiised 
mouse lung virus and the virus grown in chick embryo have both 
been tried. They confer some protection in ferrets and mice. 
The multiplicity of serological strains may partially explain the 
failure in man. 

Yellow Fever 

Yellow ffever is an acute highly mfectious disease transmitted 
by mosquitoes. The Ameiican Yellow Fever Commission showed 
in 1900 that yellow fever was due to a filterable virus and trans- 
mitted by mosquitoes. This finding was confirmed in 1928 by 
Stokes, Bauer and Hudson, finally disproving Noguchi’s claim 
that a leptospira was the cause. Further, they discovered that 
the disease could be communicated to the rhesus monkey. Later, 
it was proved that the jungle yellow fever, primarily affecting 
animals in the rural and jungle areas and occasionally trans- 
mitted to man, was also due to the same virus. There is now 
increasing evidence to show that yellow fever is primarily an 
enzootic. 

The yellow fever virus is one of the smallest viruses and is 
about 18>28/n/i in size. Nuclear inclusions are found in yellow 
fever. Cold, drying and 50 per cent, glycerine are not lethal to 
the virus. Growth occurs in the chorio-allantoic membrane of 
the festiUsed hen's egg and in the chick embryo medium. 

' The infection can be readily communicated to rhesus 
monkeys either through the bites of infected mosquitoes or by 
the inoculation of infected material taken from viscera, usually 
the liver, after death. The virus is present in high concentration 
in the blood of infected monkeys. Inoculated subdurally, the 
viscerotropic virus causes enccphalilis in mice. By serial passage 
through their brain it acquires marked ncurotropic properties, 
losing its virulence for man and monkeys. The neurotropic 
variant, however, can still immunise against the viscerotropic 
strains. TTic brain-fixed virus produces encephalitis in monkeys, 
guinea-pigs and a few other r^ents. 

Transmission. Transmission by the mosquito, /Cedes cegypti^* 
originally suggested by Findlay, was proved by the American 
YeUow Fever Commission. But this seems to be only part of the 
picture. In its endemic areas, Africa and South America, yellow 
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upper respUMofy ira^ The Wr«s is foued m the »«op!a™ 
of the sick'person. The incubatiefl period is one w 

apy one perfenlar type. The disease is dreaded not so ,»ri 
for the seventy of the symptoms as for the aftereffects, grave 
corapijcijjDfls and sequejae. 


^ An identical disease occurs in the swine. The virus causini 
it IS not’thc same as that of human influenza, but they share a 
common antigenic factor. The foTtner also causes an identical 
condition in ferrets and mice as the latter* suggesting antigenic 
Tclstionship, There is also a bacillus, /f, suis, found in associa- 
tion with swine influenza. While in human inllucaza Pfeiffer's 
bacillus is only a secondary invader, swine influenza appears to 
be a conjohit infection by the bacillus and the virus. 

Immunity. Man docs not possess natural immunity agaaist 
influenza. The presence of a natural virus-inactivating agent in 
the human nasal secretions has been recently demonstrated 
(p. 165). It is active not only against all strains of the influenza 
vinis but also against a few other viruses Wire those of herpes 
and louping«ill. The viruses of vaccinia, ectromclia and psitta- 
cosis arc not susceptible to its action. Influenza i$ one of those 
diseases which develop only a transient acquired immunity. 
Recurrent attacks w the same individual ore common; but there 
is the possibility (hat such attacks are due to serologicaily 
diflorent strains. In (he recovered patient’s serum, neutralising, 
complement-fixing and prccipitatiog antibodies are developed and 
can be demonstrated by appropriate methods. The compiement- 
fixing antigen appears to be common to the several seroto&cai 
strains of the human influenza virus as well as to the wrus of 
5 winc influent. Curiously enough, the presence of antibodies ^ 
is not a suflicient guarantee against fresh attacks. A fair 
percentage of normal adults show such antibodies in their blood. 
This is probably arj indication that sobchnical and unrecognised 
infections commonly occur. Recovered ferrets likewise contain 
these antibodies m the blood. 

' Trcfttroeot. An anti-unflucnzal serum has been produced by 
immunising horses. It contains a high confenr of antibodies j 
and confers some protection to ferrets and mice. Neither mis 
immune serum nor the convalescent scrum is of any appreciable 
value in treatment or prevention. 
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demonstrated by the neutraUsation test in mice— the tnouSo 
protection test. This test is extensively employed for mapping 
out the endemic prevalence of infection. The virus and the 
serum under investigation are injected intraperitoneally into the 
mouse following an injection of stareh solution into the brain. 
If the serum is negative for immune bodies, the animal develops 
encephalitis. By the mouse protection test the disease has heed 
shown to be widely prevalent in the endemic regions. A method 
of rapid diagnosis aHer death has been developed ; it is by the 
histological examination of tissues removed from the liver by 
means of the viscerotome. Where the disease is prevalent a 
certain degree of endemic iromumiy is established, and the sera 
of adults contain protective antibodies; mild and inapparent 
infections occurring in childhood may account for this. Sera of 
monkeys in the endemic regions are also found positive for 
antiviral antibodies. 'Hie explanation of this is not quite clear 
(vide supra). 

Prophylaxis. Long before the aetiology of yellow fever was 
established, mosquito transmission had been suggested and 
mosquito control as a preventive measure had been advocated.* 
Extensive anti-mosqutto measures in nrtain endemic areas havo 
eradicated the disease from those areas, proving the great impor> 
tance of such measures in prevention. The introduction of 
yellow fever to a hitherto uninfected country should be vigilantly 
guarded against. Modem expansion of air transport has 
increased the danger of dissemination. It is a great threat to 
countries now free from yellow fever. Infected mosquitoes as 
well as individuals incubating the disease may be easily transported 
from Africa to this country. If it happens, the infection is bound 
to spread with great rapidity and virulence because of the large 
mosquito population and of the total absence of unmunity in 
people. Such contingencies should be met by adequate transport 
and quarantine laws, rigidly enforced. 

Active immunisation is very valuable in prevention. Several 
types of vaccines have been tried. A mixture containing immune 
scrum and the mouse-fixed virus was found to be potent, but it 
had to be given up due to the serious scrum reactions it engendered. 
An attenuated pantropic virus, grown in chick embryo medium, 
has been found to be highly immunising and less productive of 
reactions. The dose is 0*5-1 ml. given subcutaneously once. 
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disease of artain aomals, par 
cuhrly monkeys, round m <fte focasty. In (hem it exists as an i 
apparent infection, iransmitled among them by fomimosquitot 
Thus, moniteys appear to play the tote of the initM resenoit hos 
bfora them Aedes may be getting the infection in the fir 
instance and then spreading it among man, when ije also serve 
as the reservoir of infection for the mosquitoes. Besides A> ae^ypi 
other related species have also been found to be csnjcTs 
tnan. Man is infectious during the Srst 3 or 4d&yso(th 
disease and frorn him the mosquito gets the infection throyg! 
bite during this period. For twelve days after the inftwtious feed 
the mo^uito is not infective. This period is called the extrinsic 
incubation period of yellow fever. What ahppens to the vims 
during this period, is not c/ear; probably it is muhipbifll. 
The infected mosquito remains so for the rest of its life, the 
virus may also enter through the unbroken skin; through this 
channel infection among laboratory workers has been reported. 

Yellow fever is confined to the tropical and subtropical 
regions of West Africa, South America and the islands lying 
between them. There is evidence to show that certain other 
parts of Africa are also ofTected. All persons are susceptible and 
nothing except a previously acquired immunity can protect against 
ytUow fever. The disease is relatively benigo in children and most 
of the fatalities arc in older subjects. Unrecognised ioFcctions msy 
also be occurring in the former. The incubation period in man is 
about 3-5 days or longer. During the first 3 or 4 days after the 
onset, and probably also during the late incubation period, the 
virus is present in the blood and the internal organs, partlcubrl? 
rite /rier, ta which are found characicrisiic ncidryihile nuclear 
inclusions. Jaundice and haemorrhage are prominent post-mortem 
appearances. The hver is found to be the seat of greatest damage, 
and the virus appears to pick it out more than any other organ 
for inflicting tavage^. Acute and eatensive fatty and necrotic 
changes (Councilman lesions) arc present in the liver (mid-^onai) 
and, to a less degree, kidney. The mortality rate varies between 
20 to 90 per cent. ^ . 

Immunity. Natural immunity to yellow fever probabiy does 
not exist. Acquired immunity from disease is solid and LTe-Iocg, 
second attacks being extremely rare, ft is associated with the 
resence of virucidal ant/bod/es fa the blood which ran be 
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demonstrated by the neutralisation test in mice— the mouse 
protection test. This test is extensively employed for mapping 
out the endemic prevalence of infection. The virus and the 
serum under investigation are injected intraperitoneally into the 
mouse following an injection of starch solution into the brain. 
If the serum is negative for immune bodies, the animal develops 
encephalitis. By the mouse protection test the disease has beet* 
shown to be widely prevalent in the endemic regions. A method 
of rapid diagnosis after death has been developed ; it is by the 
histological examination of tissues removed from the liver by 
means of the viscerotome. Where the disease is prevalent a 
certain degree of endemic immunity is established, and the sera 
of adults contain protective antibodies; mild and inapparent 
infections occurring in childhood may account for this. Sera of 
monkeys m the endemic regions arc also found positive for 
antiviral antibodies. The explanation of this is not quite clear 
(yide supra). 

Prophylaids. Long before the aetiology of yellow fever was 
established, mosquito transmission had been suggested and 
mosquito control as a preventive measure had been advocated. 
Extensive anthmosquito measures in certain endemic areas have 
eradicated the disease from those areas, proving the great impor- 
tance of such measures in prevention. The introduction of 
yellow fever to a hitherto uainfeclcd country should be vigilantly 
guarded against. Modern expansion of air transport has 
increased the danger of dissemination. It is a great threat to 
countries now free from yellow fever. Infected mosquitoes as 
well as individuals incubating the disease may be easily transported 
from Africa to this country. If it happens, the infection is bound 
to spread with great rapidity and virulence because of the largo 
mosquito population and of the total absence of immunity in 
people. Such contingencies should be met by adequate transport 
and quarantine laws, rigidly enforced. 

Active immunisation is very valuable in prevention. Several 
types of vaccines have been tried, A mixture containing iramuno 
serum and the mouse-fixed virus was found to be potent, but it 
had to be pven up due to the serious serum reactions it engendered. 
An attenuated pantropic virus, grown in chick embryo medium, 
has been found to be highly immunising and less productive of 
reactions. The dose is 0‘S-linl. given subcutaneously once. 
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TsUtacosU 

PstUncosts is an acule infcoious distast primarily of pairois 

siBiubtmg (yphoid few with pnfaionaiy complicah'ons. BKite 
paiT0l5, H occurs aatmlfy in a few more species of birds. Thi 
ca we w a fiiferable virus; the old belief that a salmonella des- 
<^bcd by Nocard, which turned out to be Baa. tvphmurim, 
is (flc cause has been discarded, Pacheco's disease of parrots 
is different from psittacosis and docs not infect man. 

The psittacosis virus is one of the largest viruses, rncasarin^ 
200-300 wft, and is held back by the fine bacterial filters. \Jnljke 
the wgetative bacteria, it withstands the action of glycerine but 
BOt os W'cH as other viruses. Eiemcntaty bodies are found in 
the lesions as well as in the culture. Recent work tends to show 
that there is probably some relationship among the viruses of 
psittacosis, lymphogranuloma ioguicalc, trachoma and icclusioa 
coajunctivitts; positive cross immunity tests have beta reported 
among them (p. 312). like other viruses, the psiltacoas virus 
cannot becuUi>‘ated in the absence of living tells. Growth occurs 
in tissue culture and in the developing chick. Many develop* 
Bjcniali phases have been described as occurring during growth. 

Elementary bodies are present in the infected tissues and, 
when stained by the Giemsa or Castaneda’s method, «n be »es 
under the ordinary microscope as round or slightly oval bodies, 
nfranged singly or in pairs. They occur in large numbers in the 
reiicuIo^miotheM cfSh as weJ/ as free. These bodies can be 
obtained free of all wtraneous mailer when they are found to 
function as efficient specific antigens in agglutination and com* 
picmcnt'fixation reaclioos. Indicating their virus identity. 

The disease can be icptoduced in parrots and many other 
species of birds, guinea-pigs, mice and monkeys, fn both experi- 
mental and natural infections, the virus is found in the bhod and 
Internal organs. 

Psittacosis is a very rare disease. It is more common tn some 
of the South American Countri^ Tiwugh the assodation of 
human psittacosis with the parrot disease was long known, its exact 
jnodc of infection is stili obscure. Probably, it is through the 
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nasopharyngeal route. Transmission from' xnan to man is very 
uncommon. Its infeciiviiy is very high and so indirect trans- 
mission through fomitcs is also lilcely. Pneumonic alTection of 
the lung is a prominent feature in man. The disease is fairly 
severe with a nJortaUty rate of 20-30 per cent. The virus appears 
in the sputum in two or three days after the onset of the disease 
and persists in it throughout the course. It is also found in 
the blood and internal organs, particularly the lungs, liver and 
spleen. 

Immonity, Recovery from an attack is followed by a high 
grade and enduring immunity. Second attacks may not occur, 
Compleident-fcung antibodies arc present in the serum of recovered 
cases. The complement-fixation reaction with the patient's scrum 
and the demoDstraiion of the virus in the patient's sputum by 
inoculating it into mice are useful diagnostic procedures. 

Lymphogranuloma loguioale 

Lymphogranuloma inguinale, also kno^vn as lympho- 
granuloma venereum and climatic bubo, is a venereal disease 
caused by a filterable virus. It is not in any way related to 
granuloma inguinale, the cause of which is uncertain (p. 428). 

The virus of climatic bubo is 125-175 w/i in size. It can be 
cultivated in tissue culture and in the yolk-sac of fertile eggs. 
Laboratory animals arc susceptible to it. The intradermal inje- 
ction of the virus into the groin causes bubo in guinea-pigs, 
monkeys and dogs. Inoculated intracerebrally into guinea-pigs, 
monkeys, dogs, mice and cats, meningoencephalitis results. 
Elementary bodies are present jo the affected tissue and pus (the 
granulocorpuscles of Miyagawa). The presence of cell inclusions 
have been reported in both aoimal and human lesions. 

The disease is prevalent all over the world with greater 
incidence in the tropics, Ttansmtssiou is by direct contact during 
sexual act. The Wrus displays a selective affinity for the lymphatic 
system. A primary sore develops but is often undetected. Li 
the male a few days after infection bubos with multiple scattered 
foci of inflammation are developed in the groin. This is followed 
by suppuration and softening of the areas, forming circumscribed 
abscesses in the affected gland; they may eventually coalesce. 
Usually, they rupture through multiple points on (he skin. As 
the primary lesion in woman is very often located in the vagina, 
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rarang mflammaDon which later on leads to stricture of the tectm, 

and «"*'■■<>» of to genitals cslhiofflcne. Pelvic 

and other contiguous glands may also be enlarged. 

^le ei^ of -convalescents possesses neufralisiag and 
complement-fixing properties. 

The Frei test is vciy valuable in diagnosis. It is probably 
analogous to the tuberculin reaction. The antigen is prepared 
from a non-ruptured bubo. The pus is diluted 1 ; 5 with nonnal 
salt solution and sterilised by heat at 60* C. for two hours followed 
by one more sterilisation for one hour on the succeeding day. We 
have found dilution with 0-5 per cent, phenol saline more con- 
venient and equally efficient. When presen’cd at low icrope* 
ratuTc, the antigen keeps with unimpaired potency for a year or 
longer. The dose is 0-Iml. injected rntraderraally. A control 
injection with the diluent employed is also given at a distance. In 
positive cases, a characteristic reaction, consisting of crytheraa, 
localised induration or papule of at least I cm. fo diameter and 
often a vesicle at the puncture point, is developed in about 24-18 
hours and may persist for a week or even longer. The Frei test 
is positive in a very high percentage of cases of I>TOphogranubffia 
inguinale; it may be negative in the very early stage. A positive 
reaction may be obtained long after healing. Positive reactions 
have been reported recently in cases of iracbonja and other inft* 
ctions of the psittacosis group (p. 710). Frei’s antigen may be 
prepared also from infected mouse brain and yolk-sac culture; 
lygranum is a commercial pcepsmlion from the latter. 

Frei’s antigen has also therapeutic value. Sulphanilamidc 
compounds appear to be curative. 


Rift Valley FcTer 

Rift Valley fever is a natural disease of sheep, occurring in 
epizootics. It was first reported from Rift Valley in Kenya, 
Africa. It causes heavy mortality among Iambs, producing a 
severe type of necrosis of the liver. The virus is present in the 
blood, liver and spleen of the infected animal. Large number 
of nuclear inclusion bodies arc present in the hepatic lesions- 
From sheep man may get the infection and develop a dengue- 
Jike disease. A high degree of immunity follows an attack m 
jaan or animals and their sera contain neutralising antibodies. 
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The disease is caused by a virus with an approximate sue 
of 30 mfi. It stimulates the production of inclusion bodies. It is 
cultivable in chick embryo. The condition can be reproduced 
in sheep, cattle, monkeys and certain rodents. Transmission is 
probably by the agency of mosquitoes of the genus Aedes. 

Mumps 

Mumps, or epidemic parotitis, is an acute infectious disease 
most probably due to a vims which cthibits a selective afiioity 
for the parotid glands. 

The disease is universal in distribution and attacks more 
frequently children between the ages of five and fifteen years. 
It is highly contagious. Transmisaon is through droplet. It may 
also occur indirectly through fomites. In utero transmission has 
been reported. The patient is infectious for two to three days 
before the glandular swelllag appears and the infectivity dimi- 
nishes with the subsidence of the swelling. During this period, 
the saliva is infectious and by injecting filtrates of it through 
Stenson’s duct an identical condition can be reproduced in 
monkeys. Further, with material from the infected gland the 
infection can be passed through monkeys in succession; after 
this serial passage it has been transmitted back to man. 

The incubation period is 14-25 days. One or both parotid 
glands may be affected; even the other salivary glands may be 
involved. The virus invades the blood and complications like 
orchitis, and more rarely, ovaritis, mastitis and pancreatitis may 
follow. Fatality is exceedingly rare. 

Immnnity, Natural immunity to mumps does not seem to 
exist. Substantial and life-long iiomumty is conferred by an 
attack of mumps, whether one or both parotid glands are affected. 
Second attacks are vc^ rare. The serum after recovery exhibits 
the capacity to neutralise the virus. It may be used for prophy- 
laxis in the exposed subjects. 

Dengue Ferer 

Dengue is a specific infectious fever, prevalent in the tropics 
and subtropics, probably due to a virus iransmitied by the 
mosquito Aedes aegypti. It often occurs in epidemic form. 
Though symptoms are serious, fatality is very low. 
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infection spreadslfito the Ease aromi Oa anus and ratom 
causffls inflammation which later on tea* to sttimraofthmm 
and etepbantoid condition of the genitals eslhiomene. Friiie 
and other contiguous glands may also be enlarged. 

■ftc erum of convalescents possesses nentraiisine sod 
eoroplement-lixing properties. 

The Ptei test ts very valuable In diagnosis. It is probably 
analogous to the tuberculin reaction. The antigen is prepared 
from a non-ruptured bubo. The pits ts diluted 1:5 with nonnai 
salt solution and sterilised 6y heat at C. for wo hours foiloived 
by one more sterilisation for one hour on the succeeding day. We 
have found dilution with 0*5 per cent, phenol saline more con- 
venient and epuaily efficient. When preserved at iow tonpe- 
rature, the antigen keeps with unjjnpaired potency for a year or 
laager's The dose is Q-lml. injected intradermaUy, A coniro) 
ifljection \Wt& the diluint employed is aiso given at a tfisiance. !a 
positive cases, a chc^&cteristic reaction, consisting of try(baaa, 
localised induration or papule of at kast 1cm. in dkmeia and 
often a veside at the puncture point, is developed in about SMS 
hows and may persist for a week or even longer. The Frei test 
h positive in a very high percentage of cases of lymphogranutotai 
SogttinaJa; it may he negative in the very carty stage. A positive 
icaction may be obtained long after healing. Positive reactions 
have been reported recenciy in cases of trachoma and other Me' 
ctions of tiw psitMcosis group fp, 710). Frei’s antigen may be 
prepared aUo from infected mouse brain and yolk-sac caltarej 
lygrafium is a commercial preparation from the Ja««. 

Frei*5 nnfigeo has also thcrjyjcutic value. Sulphanilamide 
compounds appear to be curative. 


Rift VftUey Fcrer 

Rift Valley fever is a natural disease of sheep, occurring in 
epizootics. It was first reported from Rift Vall^ in Kenya. 
Africa. 5t heavy mortahty among lambs, producing a 

severe type of necrosis of the liver. The virus is present in the 
blood, liver and spleen of the infected animal Large number 
of nuclear inclusion bodies are present in the hepatic lesions. 
From sheep man may get the infection and develop a dengue- 
like disease. A high degree of immunity follows an attack m 
roan or animals and their sera contain neumlisine antibodies. 
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MoUascum Cootagiossm 

Molluscum contagiosura consists of small tumour.like forma- 
Uons on the skin caused by a filterable virus. It is infectious and 
spread probably by contact or by the agency of fomiies. The 
nodules are pea-sized, dome-shaped, shining, broumish or whitish 
in appearance, each with a central depression conspicuous in the 
later stages. They occur anywhere on the skin and more fre- 
quently in children. They may persist for months or years and 
then disappear spontaneously. 

The ttiolluscum nodules arc produced by the local proli- 
feration and hyperplasia of the epithelial cells. Degeneration 
and softening may set in later. Cytoplasmic inclusions, described 
by Lipschutz and called muUuscum bodies, found in the central 
cells are a striking feature in the histology of the condition. 
They are a'cidophile and appear as large oval bodies. Elementary 
bodies have been shown in materials stained by the Giemsa or 
Paschen stain. Successful transmission to man by injection 
with filtrates of materials from molluscum nodules has been 
claimed. 


Trachoma 

Trachoma is a specific mrcclious disease, characterised by 
follicular inflammation and papillary hypertrophy of the con- 
junctiva. ‘ If untreated, it leads to scarnng and deformity of the 
eyehds and to considerable impairment of vision from “pannus” 
formation and comeal ulceration. The disease is more common 
in the poor and hypenically backward communities. Immunity 
to trachoma is transient. 

The aetiology of trachoma is still uncertain. That trachoma 
is due to a filterable virus, is more than probable. A virus with 
an approximate size of 200 has been isolated. Characteristic 
cell inclusions, called Halberstaedtcc-Prowazek bodies, are con- 
stantly present in the epithelial <»lls of the lesion. They are 
stained blue with Giemsa’s stain and in the blue mass are also 
seen red granules. The latter ate regarded as elementary bodies. 
Successful transmission to man has been claimed. A rickettsial 
aetiology has also been suggested, but the evidence for this is 
less satisfactory than that for the virus aetiology. £act. granulosis. 
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. passes throush BetkefeM filters. Successful irans. 

““ ZSe oTftt 

m the blood for a day before and for three days after the caset 
of the disease. Blood taken at this time and inoculated either 
imravenously or subcutaneously into man produces the disease. 
Mosquitoes socking Wood during tbis period also become iafected. 
After the infectious feed, the mosquito takes about eleven days to 
become infective and remains so for life. Attempts to reproduce 
the disease in experimental animals have been futile. 

Nothing definite is known about the natural or acquired 
immunity. The latter may last for one year or more. 


Saod-fly Fever 

Sand-fly fever, also catfed phleboiomus fever, papataci fever, 
and three-day fever, is a mild speciBc iotectioos fever of the 
tropical and sub-tropical regions caused by a virus and spread 
by Webot<}n}us papatasii and possibly other species of sand-flics. 
It runs a short course of three days. The disease is not fatal 
and recovery is followed by a high degree of imsivoity. 

The virus is about 160 mp in diameter. It can be cultivated 
in the fertile chick embryo. It is present in the blood for twenty- 
four hours before and twenty-four to forty-eight hours after the 
onset of the disease, and sand-flics sucking blood during this 
period become infective in seven or eight days and leiaam so for 
life. The disease can be transmitted to human volunteers with 
infected blood. Experimental animals are not sasceptiWe. 

Warts or Verrocac 

Warts are small benign epithelial tumours, formed by an 
overgrowth of the prickle-cc« layer of the skin, with or without 
hyperkeratosis, and caused by a filterable virus. The condition 
is infectious. Both cytoplasmic and nuclear inclusions have 
been demonstrated. The condition can be reproduced in man 
by the intradennal inoculation ofSltrates of materials from warts, 
it' is possible to do so in succession. The incubation period is 
-Jong. Infectious warts due to virus are found also in several 
species of animals. 
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MoUuscum Oontflgi'Qsnm 

Molluscum contagiosum consists of small turaour-like forma- 
tions on the shin caused by a filterable virus. It is infectious and 
spread probably by contact or by the agency of foraites. The 
nodules are pea-sized» dome-shaped, shining, brownish or whitish 
in appearance, each with a central depression conspicuous m the 
later stages. They occur anywhere on the skin and more fre- 
quently in children. They may persist for months or years and 
then disappear spontaneously. 

The molluscum nodules are produced by the local proli- 
feration and hyperplasia of the epithelial cells. Degeneration 
and softening may set in later. Cytoplasmic inclusions, described 
by Lipschutz and called mulluscum bodies, found in the central 
cells arc a striking feature in the histology of the condition. 
Tliey are aerdophile and appear as large oval bodies. Elementary 
bodies have been shown in materials stained by the Giemsa or 
Paschen stain. Successful transmission to man by injection 
with filtrates of materials from molluscum nodules has been 
claimed. 

Trachoma 

Trachoma is a specific infectious disease, characterised by 
follicular inflammation and papillary hypertrophy of the con- 
junctiva. If untreated, it leads to scarring and deformity of the 
eyelids and to considerable impairment of vision from “pannus” 
formation and comeal ulceration. The disease is more common 
in the poor and hygienically backward communities. Immunity 
to trachoma is transient. 

The aetiology of trachoma is still uncertain. That trachoma 
is due to a filterable virus, is more than probable. A virus with 
an approximate size of 200 m/* has been isolated. Characteristic 
cell inclusions, called Halberstaedter-Prowazek bodies, are con- 
stantly present in the epithelial cells of the lesion. They are 
stained blue with Giemsa’s stain and in the blue mass arc also 
seen red granules. The latter are regarded as elementary bodies. 
Successful transmission to man has been claimed. A rickettsial 
aetiology has also been suggested, but the evidence for this is 
less satisfactory that for the virus aetiology. Bad. granulosis, 
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cause of fte dirase. K constantly present in the lesions. Re«« 
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loclaslon Conjunctiyjtis 

Inclusion Conjunctivitis h a specific infectious disease of the 
eye, characterised by an acute follicular inilajnjaation of tht con- 
junctiva. Two types of inclusion conjunctivitis have been dcs* 
cribed: inclusion blenoithoca and swimming bath conjuncfmtss. 
The latter is a misnomer as the same condition can be acquired 
independently of swimming bath- Both types are due to tbe 
same virus and in both cytoplasmic basophile inclusions are 
present in the epithelial cells of the effected conjunctiva. These 
inclusions resemble the cell inclusions of trachoma and with 
Giemsa's stain appear as bluish stained bodies containiog red 
stained granules. The latter arc probably eJemcntaiy corpuscles. 
As in trachoma, there is also in inclusion conjunctivitis papillary 
hypertrophy of the conjunctiva, but neither corneal involvement 
i\of scarring occurs in the latter as in the former. 

The virus has not been cultivated. It resembles the virus 
of trachoma but is not identical with it. Experimental trans* 
mission to man and monkeys has been reported. The vims is 
found in the genitO'iulnary tract where a mild form of inclusion 
urethritis in the male and inclusion cervicitis in the female snsy 
be caused. Such carriers contaminate water and transmission 
is by bathing in such infected water. The disease may also be 
spread by contact or by means of famites and independently of 
swimming baths. In the infants’ type, transmissjoa occurs 
during the passage of the foetus through the birth canal In 
this, superinfection with the gonococcus may happen. Nothing 
definite is known about immunity in this disease. 


Glaudolar Fever 

Glandular fever, or infectious mononucleosis, is an awte 
infectious disease occurring in small epidemics. A characteristic 
feature of the disease is the eulargeroent of the anterior cMvicai 
glands. Lymphocytosis is pre^t in most cases. The aetiology 
of glandular fever is not definitely known; probabl 'tj^ virus. 
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Experimental transmission of the disease by injecting filtrates of 
blood into monkeys has been claimed. 

A curious phenomenon observed in glandular fever is the 
development of agglutinins in the blood against sheep’s erythro- 
cytes. They persist even after recovery. They are of the hetero- 
phile type and formed not against any specific antigen. Paul- 
Bunnell test, which is based on the occurrence of these agglutinins, 
IS, therefore, a non-specific reaction; nevertheless it is diagnostic. 
It is done with the patient’s serum heated at 55* C. for twenty 
minutes. Doubling dilutions of the serum are made in small test 
tubes in the usual way with normal saline, using 0 5 c.c. as the 
Unit volume. Equal volumes of a one per cent, suspension of 
cheep’s erythrocytes, prepared as in the Wassermann test, are 
fidded, the racks are shaken well and incubated at 37* C. for four 
hours. A saline control with no serum is also included. Normal 
Arum may agglutinate sheep cells in dUutions up to 1 : 128 ; hence 
a positive reaction in this or a lower litre has not much value. In 
feally positive cases, repetition will give positive results m increa- 
sing litres. Another point that should be kept in mind when 
interpreting the result is the occurrence of positive reactions in 
individuals treated with horse scrum. Horse serum contains a 
heterophilc antigen and this stimulates the production of its anti- 
body in man which agglutinates sheep’s ery^rocytes A difference 
between the agglutinins occurring in infectious mononucleosis and 
those in normal serum and in serum sickness is that both the latter 
can be absorbed out with guinea-pig’s tissues, but not the former. 

Infective Hepatitis 

Infective hepatitis is an acute infectious disease, characterised 
by fever and usually jaundice. Available evidence indicates that 
the causative agent is a filterable virus. The disease is of recent 
discovery; usually it occurs in small epidemics. 

The method of transmission is unknown ; it is probably by 
ingestion. The incubation period is 20-40 days. The infective 
agent, which is very thcrmolabile, is present in the blood, duo- 
denal washings and urine up to 48 hours after the onset of 
jaundice. Successful transmission of the disease has been reported 
in man. It also appears that a virus grows in the chorio-allantoic 
membrane of the developing chick after inoculation with filtrates 
of duodenal washings and urine. The liver is the chief scat of 
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Indtfslon ConjonclMtis 

Inclusion Conjunctivitis is a spedfic infectious disease of the 
eye, characterised by an acute follicular inflammation of the con. 
juncliva. Two types of inclusion conjunctivitis have been des- 
cribed: inclusion blenorrhoea and swimming bath conjunctivitis. 
The latter is a misnomer as the same condition can be acQUired 
independently of swimming bath. Both types arc due to the 
same virus and in both cytoplasmic basophiJe inclusions arc 
present in the epithelial cells of the affected conjunctiva. These 
inclusions resemble the cell inclusions of trachoma and with 
Oiemsa’s stain appear as bluish stained bodies contaismg red 
stained granules. The latter are probably elementary corpuscles. 
As in trachoma, there is also in inclusion conjunctivitis papillary 
hypertrophy of the conjunctiva, but neither corneal involvement 
nor scarring occurs in the latter as in the former. 

The virus has not been cultivated. It resembles the wnis 
of trachoma but is not identical with it. Experimental trans- 
mission to man and monfeys has been reported. The vims is 
found in the genito-urinary tract where a mild form of ioclusioa 
urcthriris in the male and inclusion cervicitis in the female t^y 
be caused. Such carriers contaminate water and transmission 
is by bathing in such infected water. The disease may also be 
spread by contact or by means of fomites and independently of 
swimming batbs. In the infants* type, transmission occur 
during the passage of the foetus through the birth canal Ir 
this, superinfection with the gonococcus may happen. Nothing 
definite is known about imranaky in this disease. 

Glaadafar Fcrcr 

Glandular fever, or infectious mononucleosis, is an a^te 
infectious disease occurrmg in small epidemics. A characteristic 
feature of the disease is the enlargement of the anterior ccrriml 
elands. Lymphocytosis is present in most cases. The acriolo^ 
of glandular fever is not dehaJteJy known; probably it is a virus. 
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Bacteriophage is a self-propagating lytic agent living on 
bacteria and capable of causing their dissolution. The exact 
nature of this lytic factor is not definitely known. It was dis- 
covered independently by Twort (1915) and d’Hcrelle (1917) and 
is oficn referred to as the Ttvort-d'Herelk phenomenon or the 
phenomenon oj transmissible lysis. Bactenophage is often 
referred to more briefly as phage. 

While working with vaccine lymph, Twort observed that 
some colonies of staphylocowi, developed on agar media, under^ 
wnt on further incubation certain peculiar changes. The colo- 
nies became glassy and transparent in appearance and on micro- 
scopical examination of smears from them it was found that the 
staphylococcus had disappeared, being replaced by an amorphous 
debris containing minute granules. He also noted that this lytic 
phenomenon could be reproduced jq succession by inoculating 
fresh colonies of staphylococci with materials from the glassy 
residue. He further showed that this lytic principle was filterable. 

d’Herelle’s observations were first with fluid cultures. During 
his investigations on bacillary dysentery, he noticed that broth 
cultures of motion yielded filtrates which evinced lytic properties 
CD Sact. sltigae. Fresh cultures of Shiga's bacillus, when inocu- 
lated with the filtrate, became clear after a period of incubation. 
Me also demonstrated that the lytic phenomenon could be passed 
Serially from culture to culture, thus proving its capacity for self- 
propagation. After extensive research, d’Herelle came to the 
conclusion that a filterable vims having its natural abode on 
bacteria was responsible for this lytic destruction and that it was 
pormaDy found in the intestines of man. Hence be designated 
It Bacteriopkagvm intestinale. He did not, however, agree that it 
Was the same agent demonstrated by Twort. But now opinion is 
unanimous that both are same. Subsequent investigations have fully 
confirmed and extended the observations of Twort and d’Herellc. 
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lesion and jaundice is due to hcpalitis and not to nnyduodml 
catarrh or obstruction of the bile duct. A diffuse or zonal 
innamnialory reaction of the Hvcf is (he outstanding picture ucdtr 
the microscope. 

A condition, clinicaUy and bistologicaliy indistinguishable 
from the above, sometimes occurs witiia (»vo to four montbf 
after the administration of measles convalescent scrum, yellow 
fever vaccine containing humaa plasma and pooled aduK serum. 
Its cause is obscure. 

Primary Atypical Pneumonia 

Primary atypical pneumonia, variously called virus pneumoflia, 
acute pneumonitis or acute interstitial pneumonia, is an acute 
infectious disease of relatively mild nature. It may occur in 
epidemics as well as sporadically. Its aetiology is not definitely 
known : no bacterial agent has ban recovered from the coadi* 
(ion. An identical condition may be caused by the viruses of 
psittacosis and lymphocytic chorio^meningitis, but it seems to be 
distinct. 

An interesting feature of the condition is the development 
of cold agglutinins against the Group 0 erythrocytes. The sera 
of patients suffering from other forms of pneumonia may also 
agglutinate the Group O cells but only io very low titre. The 
agglutinin titre of the patient’s serum begins to rise in the second 
week of disease and persists for a month or more. The reaction 
may help in diagnosis. The test is done as in PaubBunnell test 
(p. 717), substituting the O group erythrocytes for sheep cells and 
exposing tbe racks to 0‘’-4‘*a for one hour instead of at 37*C.; 

the higher temperature the reaction is reversible. Agglulinalion 
at a titre of 1 : 80 may be takea as suggestive. A point to be 
remembered is that cold agglutinins are pdily absorbed by red 
ceils at low temperatures and so if tbe specimens have been exposed 
to cold, the temperature should be raised to above 20° C. before 
separating ihe^serum for test. Otherwise, a positive serum may 
give apparently negative results. 



CHAPTER XXXVII 
BACTERIOPHAGE 

Bacteriophage is a seJf-propagating lytic agent living on 
bacteria and capable of causing their dissolution. The exact 
nature of this lytic factor is not definitely known. It was dis- 
covered independently by Twort (1915) and d’Herelle (19171 and 
is often referred to as the Twort-d'Herelle phenomenon or the 
phenomenon of transmissible lysts. Bacteriophage is often 
referred to more briefly as phage. 

While working with vaccine lymph, Twort observed that 
some colonies of staphylococci, developed on agar media, under- 
wat on further incubation certain peculiar changes The colo- 
nies became glassy and transparent m appearance and on micro- 
scopical examination of smears from them it was found that the 
staphylococcus had disappeared, being replaced by an amorphous 
debris containing minute granules. He also noted that this lytic 
phenomenon could be reproduced in succession by inoculating 
fresh colonies of staphylococci with materials from the glassy 
residue. He further showed that this lytic principle was filterable. 

d’HercUe’s observations were first with fluid cultures. During 
his investigations on bacillary dysentery, be noticed that broth 
cultures of motion yielded filtrates which evinced lytic properties 
on Bact. shigae. Fresh cultures of Shiga’s bacillus, when inocu- 
lated with the filtrate, became clear after a period of incubation. 
He also demonstrated that the lytic phenomenon could be passed 
serially from culture to culture, thus proving its capacity for self- 
propagation. After extensive rescar^, d’Herclle came to the 
conclusion that a filterable vims having its natural abode on 
bacteria was responsible for this lytic destruction and that it was 
normally found in the intestines of man. Hence be designated 
U Bacteriophagum intestlnaU, He did not, however, agree that it 
Was the same agent demonstrated by TWort. But now opinion is 
unanimous that both are same. Subsequent investigations have fully 
confirmed and extended the observations of Twort and d’Herellc. 
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^ jaundices due to hepatitis and not to any duodenal 
eatarrh or obstruction of the bile duel. A diffuse or com! 
imzmmutorf reaction of the h'vcr is the outstanding picture under 
tne imcroscoptf. 


A condition, clin(<^!/y and iu'stoIo^'caHy iodistinguj'skbie 
from tije abovc,^ sometimes occurs within two to four montiu 
after the administration of measles convalescent senttn, yellow 
fever vaccine containing human plasma and pooled adult scruaj. 
Its cause is obscure. 


Primary Atypical PueBmonia 

Primary atj^i'cal pneumonia, \^riously called virus pncumoala, 
acute pneumonitis or acute interstitial pneumonia, is an acute 
infectious disease of relatively mild nature. It may occur in 
epidemics as well as sporadically. Its aetiology is not deSoitely 
known ; no bacterial agent has been recovered from the coaffi* 
tion. An identical condition may be caused by the viruses of 
psittacosis and lymphocytic choriO'mcnmgitis, but it seems to be 
distinct. 

An interesting feature of the condition is the development 
of cold agglutinins against the Group 0 erythrocytes. The sera 
of patients suffering from other forms of pneumonia may also 
agglutinate the Croup 0 cells but only in vexy low titre. The 
agglutinin litre of the patient’s senxm begins to rise in the second 
week of disease and persists for a month or more. The leattion 
my help in diagnosis. The test is done as in Paul-dunneS test 
(p. 7l?)> substituting the O group erythrocytes for sheep cells and 
exposing the racks to 0‘’'4‘' C. for one hour instead of at 37“ C.; 
at the higher temperature the reaction is reversible. Agglutination 
at a litre of I ; 80 may be taken os suggestive, A poiat to he 
ttwicmbcred is that cold aggHutinins are readily absorbed by red 
cells at low temperatures and so if the specimens have been exposed 
to cold, the temperature should be raised to above 20® C. before 
separating the^serura for test. Otherwise^ a positive serum may 
give apparently negative rcsoli5. 
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BACTERIOPHAGE 

Bacteriophage is a seif-propagating lytic agent living on 
bacteria and capable of causing their dissolution. The exact 
nature of this lytic factor is not definitely known. It was dis- 
covered independently by Twort (1915) and d’Herelle (1917) and 
is often referred to as the Ttvori-d'Herelle phenomenon or the 
phenomenon oj transmissible lysis. Bacteriophage is often 
referred to inore briefly as phage. 

While working with vaccine lymph, Twort observed that 
some colonies of staphylococci, developed on agar media, under- 
went on further incubation certain peculiar changes, The colo- 
nies became glassy and transparent in appearance and on micro- 
scopical examination of smears from them it was found that the 
staphylococcus had disappeared, being replaced by an amorphous 
debris containing minute granules. He also noted that this lytic 
phenomenon could be reproduced in succession by inoculating 
fresh colonies of staphylococci with materials from the glassy 
residue. He further showed that this lytic principle was filterable. 

d’Herelle’s observations were first with fluid cultures. During 
his investigations on bacillary dysentery, be noticed that broth 
cultures of motion yielded filtrates which evinced lytic properties 
on Sact. shigae. Fresh cultures of Shiga’s bacillus, when inocu- 
lated with the filtrate, became clear after a period of incubation. 
He also demonstrated that the lytic phenomenon could be passed 
Serially from culture to culture, thus proving its capadty for self- 
propagation. After extensive rcsear^, d’Herelle came to the 
conclusion that a filterable vims having its natural abode on 
bacteria was responsible for this lytic destruction and that it was 
normally found in the intestines of man. Hence he designated 
it Bacteriophagum intestinale. He did not, however, agree that it 
W'as the same agent demonstrated by Twort. But now opinion is 
unanimous that both arc same. Subsequent investigations have fully 
confirmed and extended the observations of Twort and d’Hcrclfc. 
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Habilaf. Bacteriophage is widely dislribated in satiw asd 
may be found ra all the eoviromneats where the host bacteria 
exist It IS found in the intestines of mao and animals, both in 
health and diseased conditions, in sewage, water and sod. Tte 
isolation of it from blood and tissues has been reported. Mote 
than one species may exist in the intestine of the same indirideal. 
Members of the Sacterivm genus, the cholera vibrios, the plague 
bacilli and staphylococci seem particularly prone to phage pan- 
sitisation. More than one race or strain of phage may live on 
the same bacterial species. 

Nature. Recent studies have established that bacteriophages 
are partienJate filterable agents capable of iadepeadent propa- 
gation. The majority of observers now agree that phage is a 
type of virus parasitic on bacteria. There can be no doubt that 
the phage displays close resemblance to the vims. It is generally 
agreed that an enzyme is responsible for the actual lytic process. 
But the source of this enzyme is in dispute, whether it is produced 
by a definite virus or by the bacteria themselves. The real issue 
is whether phage is a living vims or a non-living eczyrae, 3ls 
living nature has not been irrefutably proved, but the evidence 
in support of it far outweighs that against it. The Jytic factor 
undoubtedly increases in amount. Those who uphold that it is 
a non-living agent postulate that it is an autolytic cozyme, set 
free by the disintegrating bacteria and that it can even in minute 
traces set up dissolution of growing bacteria liberating large 
quantitiesoftbeenzyme, thus giving rise to a semblance of muhi* 
plication and increase. 

Types. d’Herelie considered that there was only one type 
of phage capable of adapting itself to different spedes of bacteria. 
But nearly ell other observers arc now agreed that there are several 
species of phages, probably as many as there arc bacterial specks. 
The results of imraunoligical studies are also in harmony yrith 
this view. Again, a species of phage may show a muUipbcity 
of serological races, for example the cholera phage. 

phage exhibits a high degree of species specificity. For 
instance, the cholera phage will act only on r. cholerae and 
on the colon bacillus. This would seem to depend upon the 
antigenic structure of the bacterial species. A phage that is lytic 
to one speaes may, however, act cm related species or even on 
unrelated species, though the action may not be marked on tn^ 
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latter. This is considered to be due to the presence of common 
somatic antigens in the structure of the different susceptible 
baclerial hosts. For exampkj certain Salnwnella species with 
common somatic antigens are lysed by a single phage. It is also 
possible to acclimatise a phage to a different bacterial species by 
serial passage. 

General Properties. Bacteriophage, like the virus, is ultra- 
microscopic and filterable. By ultrafiltration their size has been 
found to vary from 8-75m^ Pore cultures are luarkediy uniform 
in size. As shown by the electron microscope, some phages 
have a cubical shape, while others are round. Again, some have 
a tail-like process, rccallmg the appearance of spermatozoa. 
Phage particles carry a negative charge as do the viruses and 
bacteria. Their metabolic activities have not been much studied 
St it is not possible to grow them apart from bacteria. Limited 
investigations, however, reveal no detectable metabolic activity. 

They display varying degrees of resistance to physical and 
Chemical agents. In general, their resistance to these agents is 
slightly greater than that of the non-sporing bacteria. Heat 
inactivates phage after an exposure at 75* C. for thirty minutes 
ot more. Ultraviolet rays .are rapidly lethal to phage. Desicca- 
tion is resisted for long. The phage remains viable at freezing 
temperature and withstands the action of glycerine, alcohol and 
one per cent, phenol. Sealed in tubes and preserved in the dark, 
phage remains active for years. 

Phage Activity. A complete clearing of growth is the chara- 
cteristic feature of phage activity. Maiked difference in the acti- 
rity is encountered among the various phages; some are very 
powerful, retaining their potency even in very high dilutions. 
Phage grows and multiplies best on young 
actively growing bacteria. Neither growth nor lysis occurs <m 
dead organisms which can however adsorb phage. The mecha- 
nism of lysis, according to d’Herellc, consists in the penetration 
of a phage into the bacterial cell, rapid multiplication, distension 
of the cell and its explosive bursting and disappearance, leaving a 
granular debris. Numerous phage particles are seen within the 
swollen cell; on bursting these ate liberated into the surrounding 
medium. The lytic activity on organisms growing on solid media 
IS marked by a clearing of the growth, leaving circular areas 
showing colourless, glassy, residual structures called plaques. 
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« widely distributed in nature and 
may be found in ail the environments where the host bacteria 
exist. It IS found in the intestines of roan and animajj, hott is 
fteann and diseased conditions, in sewage, water and soil. The 
jsoiatton of it from blood and tissues has been reported. More 
than one species may exist in the intestine of the same individual 
Members of the Bacterium genus, the cholera vibrios, the plague 
baciT/i and staphylococci seem particularly prone to phage para- 
sitisation* More than one race or strain of phage may live on 
the same bacterial species. 

Natore, JRecent studies have established that bacteriophages 
are particulate filterable agents capable of independent propa- 
gation. The majority of observers now agree that phage is a 
of virus parasitic on bacteria. There can be no doubt that 
the phage displays close resemblance to the virus. It is generally 
agreed that an enzyme is responsible for the actual lytic process. 
But the source of this encyme is in dispute, whether st is produced 
by a definite virus or by the bacteria themselves. The real issae 
is whether phage is a living vims or a non-living enzyme. Ils 
living nature has not been irrefatabiy proved, but the evidence 
in support of it far outweighs that against it. The lytic factor 
undoubtedly increases in amount. TTiose who uphold that it h 
a Don-Hving agent postulate that it is an autolytic enzyme, set 
free by the disintegrating bacteria and that It can even in ;ni«ute 
traces set up dissolution of growing bacteria liberaliog Urge 
quantities of the enzyme, thus giving rise to a semblance of muiti- 
plication and increase. 

Types. d'HeteUc considered that there was only one type 
of phage capable of adapting itself to different species of bacteria. 
But nearly all other observers arc now agreed that there are several 
species of phages, probably as many as there are bacterial species. 
The results of immunoligical studies are also in harmony with 
this view. Again, a species of pbas» may show a muftiphcJty 
of serological races, for example the cholera phage. 

phage e.rhibits a high degree of species specificity. For 
instance, the cholera phage will act only on 1' chokrae and not 
on the colon bacillus. This woiUd seem to depend upon the 
antigenic structure of the bacterial qtecies. A phage that is JytJC 
to one species may. however, act on related species or even on 
unrelated species, though the action may not b« marked on the 
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latter. Tliis is considered to be due to the presence of common 
somatic antigens in the structure of the different susceptible 
bacterial hosts. For example, certain speacs with 

common somatic antigens ate lysed by a single phage. It is also 
possible to acclimatise a phage to a different bacterial species by 
serial passage. 

General Properties. Bacteriophage, like the virus, is ultra- 
microscopic and filterable. By uUrafiltration their sire has been 
found to vary from Pure cultures are markedly uniform 

m siie. As shown by the electron microscope, some phages 
have a cubical shape, while others are round. Again, some have 


s taiWikc process, recalling the appearance of spermatozoa. 
Phage particles carry a negative charge as do the viruses and 
bacteria. Their metabolic activities have not been much studied 
at it is not passible to grow them apart from bactena. Limited 
investigations, however, reveal no detectable metabolic activity. 

They display varying degrees of resistance to physical and 
^emical agents. In general, their resistance to these agents is 
slightly greater than that of the non-sporing bactena. Heat 
^activates phage after an exposure at 75^ C. for thirty minutes 
w more. Ultraviolet rays are rapidly lethal to phage. Desicca- 
tion IS resisted for long. The phage remains viable at freezing 
temperature and withstands the action of glycerine, alcohol and 
pet cent, phenol. Scaled in tubes and preserved m the dark, 
phage remains active for years. 

Phage Activity, A complete clearing of growth is the chara- 
feature of phage activity. Masked difference m the ac»- 
is encountered among the various phages; some are very 
retaining their potency even in very high dilutions, 

• OMilCP®. Phage grows and maUipHes best on young 
growing bacteria. Neither growth nor lysis occurs on 
or^nisms which can however adsorb phage. The mecia- 
of lysis, according to d’Herelle, consists m the penetration 
into the bacterial cell, rapid multiplication, distension 
ntie cell and its explosive bursting and disappearance, leaving a 
^ debris. Numerous phage particles are seen within t e 
mM-'” bursting these arc liberated into the surrounding 

is j activity on organisms growing on solid me «a 

® clearing of the growth, leaving circular areas 
S colourless, glassy, residual structures called plagues. 
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mbiM. Bacferiophage is widely distributed in nature and 
way be found tn alt tbe environments where the host badera 
Kjsf. It is found in the intestines of man and animals, both ia 
health and diseased coaditioas, in sewage, water and soil. Be 
isolation of it from blood and tissues has been reported. More 
than one species may raisl in the intestine of tie same indiiidra!. 
Members of the Bacterium geans, the cholera vibrios, tie pisjaf 
bacilli and staphylococci seem particularly prone to phage pata- 
sitisation. More than one race or strain of phage may list on 
the same bacterial species. 

Nature. Recent studies have established that faacteriophaies 
are particulate filterable agents capable of iodependeat propa- 
^tion. The majority oC observers now agree that phage is & 
type of virus parasitic on bacteria. There can be no doubt that 
the phage displays close resemblance to the virus. It is generany 
agreed (hat an enzyme is responsible for tbe actual lytic piows. 
But the source of (his enzyme is in dispute, n’bether Jt is produced 
by a definite vh’us or by the bacteria themselves. Tbe real issue 
is whether phage is a living virus or a non-living enzyme. Rs 
living nature has not been irrefutably proved, but the evidence 
in support of it fut outweighs that against it. The lytic factor 
undoubtedly increases in amount. Those who uphold that it is 
a non-living agent postulate that it is an autolytic enzyme, set 
free by the disintegrating bacteria and that it can even in ■nnnute 
traces set up dissoluiioh of growing bacteria liberatiog lar^ 
quantities of the enzyme, thuspvjng rise to a semblance of njuid- 


pHcation and increase. 

Types. d’Herelfe considered that there was only one type 
of phage capable of adapting Ustif to diSfcienl species of bacteria. 
But pearly ail other observers arc now agreed that them are several 
species of phages, probably as many as there are bacterial species. 
The results of immunoligical studies art also m harmony with 
this view. Again, a species of phage may show a multiphcity 
of serological races, for example the cholera, phage. 

phage exhibits a high degree of species specificity. For 
instance, (he cholera phage will act only on K choUraeand not 
on the colon baciUus. This would seem to depend upon the 
^ntieenic structure of the bacterial species. A phage that is lytJc 
to one soecics may. however, act on related species or even OQ 
unrelaied^ species, though tbe action may ooi be marJred on the 
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latter. This is considered to be due to the presence of common 
somatic antigens in the structure of the djfTerent susceptible 
bacterial hosts. For example, certain Sahnonella species with 
common somatic antigens are lysed by a single phage. It is also 
possible to acclimatise a phage to a different bacterial species by 
serbl passage. 

General Properties. Bacteriophage, like the virus, is ultra- 
microscopic and filterable. By ultrafiltration their size has been 
found to vary from 8-75m/x. Pure cultures are markedly uniform 
in size. As shown by the electron microscope, some phages 
have a cubical shape, while others are round. Again, some have 
a tail-like process, recalling the appearance of spermatozoa. 
Phage particles carry a negative charge as do the viruses and 
bacteria. Their metabolic activities have not been much studied 
as it is not possible to grow them apart from bacteria. Limited 
investigations, however, reveal no detectable metabolic activity. 

They display varying degrees of resistance to physical and 
chemical agents. In general, their resistance to these agents is 
slightly greater than- that of the non-sponng bacteria. Heat 
inactivates phage after an exposure at 75* C. for thirty minutes 
or more. Ultraviolet rays are rapidly lethal to phage. Desicca- 
tion is resisted for long. The phage remains viable at freezing 
temperature and withstands the action of glycerine, alcohol and 
one per cent, phenol. Sealed in tubes and preserved in the dark, 
phage remains active for years. 

Phage Activity. A complete clearing of growth is the chara- 
cteristic feature of phage activity. Maikcd difference in the acti- 
vity is encountered among the various phages; some are very 
powerful, retaining their potency even in very high dilutions, 
1: 10*-It 10'®. Phage grows and multiplies best on young 
actively growing bacteria. Neither growth nor lysis occurs on 
dead organisms which can however adsorb phage. The mecha- 
nism of lysis, according to d’Hcrcllc, consists in the penetration 
of a phage into the bacterial cell, rapid multiplication, distension 
of the cell and its explosive bursting and disappearance, leaving a 
granular debris. Numerous phage particles arc seen within the 
swollen cell; on bursting these are liberated into the surrounding 
medium. The lytic activity on organisms growing on solid media 
Is marked by a clearing of the growth, leaving circular areas 
showing colourless, glassy, residual structures called plaques. 
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Sonl, “ cotoofpsaje. i«srfacfem! 

IS added to a youns broth culturi of a sasapiibk orpaim. 
complete ckanag results after a period of incubation and fcir, 
li any,^ bacteria can be found oa jaicroscopic ^xaminstha. If 
It IS reincubated, growth and turbidity reappear. This is due to 
the fact that a few sturdy organisms in the primary culture, having 
Withstood the action of phage, multip/icd during the second 
jncubation. Such cultures arc referred to as secondary euJsms 
and the resistant strains as lysogenic, because though resistant to 
its action they are still parasitised by phage. They are really 
phage carriers. This can he ptoved by Rltedag such cultures 
when the filtrates are found lytic to young susceptible cultures. 
Such resistant strains exhibit another peculiarity in that they 
have become rough variants, losing their origiMl antigenic stru. 
cture and virulence, Jn fact, phage actionis aownell recoffdsed 
as a potent means of inducing bacterial variation {p. 344). 

Isolation. Phage may be isolated from faeces, sewage, water 
or pus. Ordinary nutrient broth, adjusted to pH 7*6 and con- 
tained in large flasks, is inoculated with relatively large azDOunts 
of faeces, made into a uniform emulsion. The fiaslcs are 
thoroughly shaken and incubated aerobically at 37" C. for 18-24 
hours. The cultures are then filtered fhrou^ Seite Slters. The 
filtrates contain the phage. 

The presence of phage in the filtrate can be dcmonstraitd 
by its lytic action on bacterial gron'tb. For this purpose, 
a young broth culture of an organisw, for instance Bacf. shiyce, 
is sown uniformly on an agar plate; after the inoculum has 
dried, a loopful of the filtrate is transferred to one or more spots 
over the seeded media which is then incubated, After as interval 
of incubation, it will be found that a sheet of growth has deve- 
loped, showing clear circular zones at points where the medium 
has been supen'noculated with the Gltratc. The orgaaisms io 
these clear patches have been lysed by the phage. 

The filtrate may contain many types of phage. In order to 
isolate a pure culture, several high dilutions are made with the 
filtrate. If a cholera phage is the one desired, a dense emulsion 
of V, choleras is made from an agar growth and sufficient ofit is 
added to each of the dilutions so as to cause a distinct turbidity 
jn them. Loopfuis from each of these dilutions are then 
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TiniformJy^spTcad on separate afar plates and inculcated. After 
'18-24 hours, small discrete plaques will become visible on some 
of the plates. Subcultures arc made from these indmdaal 
plaques into broth tubes previously inoculated with V. cUolerae. 
After a further incubation, the subcultures arc filtered and it will 
'be found that the filtrate contains a fairly pure cholera phage. If 
further purity is aimed at, the above process is repeated two or 
three times when a final product of high purity is obtained. Con- 
centration of phage can be effected by the enrichment method; 
a few drops of an actively growing culture are added to a large 
amount of dilute phage, incubated for lS-24 hours and filtered. 
This may be repeated if necessary. 

Antigenic Structure. Bacteriophage has a definite antigenic 
structure, displaying a high degree of specificity. Rabbits inocu- 
lated with bacteria-free phage yidd an aniiphage scrum which 
neutralises the phage, inhibiting its lytic property. Such sera 
rosy also agglutinate phage particles. A serum produced against 
one species of phage interacts only with that species and not with 
others. The mcchaaUra of the action of antipbage sera is little 
understood. 

aiolcal value, d’flcrellc regarded phage as playing an 
important natural role in the process of recovery from inlbctious 
diseases. But there is no evidence whatsoever to support this 
'^icw. It is true that in many infectious diseases the presence of 
phage Can be recognised. But it has not been shown that such 
naturally occurring phage does inatcrially alter the course of 
a disease. Phage may induce dissociation in bacteria in the 
body. Whether this has any significant influence on the termi* 
nation of infectious diseases, is an interesting point for search. 

Bacteriophage is harmless to the tissues. Considerable 
divergence of opinion exists about its therapeutic value. It has 
been used both prophylactically and therapeutically, but the 
results have not justified the high expectation entertained of its 
clinical value at the time of its discovery. The remarkable lytic 
activity occurring in the lest tube docs not occur m vivo; why 
it docs not occur, is still a mystery, in the tissues, the environ- 
ment is probably not favourable fof the lytic action to take place 
Of the environment may be in some way in.activatlng the phage. 

For treatment purposes, the local application of phage, 
wherever possible, is to be preferred as in the case of staphylo* 
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coccal and streptococcal lesions. The phage may be incorpo- 
rated into wet dressings <or instilled into cavities such as infected 
nasal sinuses, middle ear and bladder. ‘Only a phage of proved 
potency should be used.]! It must.be applied at least once or 
twice a day. The use of all antiseptics should be stopped since 
they inhibit the activity of phage. In intestinal infections, like 
cholera, enteric and dysentery, it is administered orally (p. 47Q. 
Phage has also been given subcutaneously, intravenously and 
intraspinally; but the results obtained are equivocal, . 
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coccal and streptococcal lesions. The •phage ’ may be incorpo- 
rated into wet dressings lor instilled into cavities such as infected 
•nasal sinuses, middle ear and bladder. -Only a phage of proved 
potency should be used.;;! It ‘must/ be applied at least once or 
twice a day. The use of all antiseptics should be stopped since 
they inhibit the activity of phage.' In intestinal infections, like 
cholera, enteric and dysentery, it is administered orally (p. 476). 
Phage has also been given subcutaneously, intravenously and 
intraspinally ; but the results obtained are equivocal. 
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Blood gK>upiOE>_fJ,°. , - '■! 


Si.nm oi senim factor 
a^uunogen or cell faciw m, - 
transfusion and, *79 
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Blood groups, dislribuijon of, 277 
Inheritance of, 273 
M, N and P cell factors, 278 
medicolegal importance of, 279 
Blood transfusion, 279 
and Rh factor, 282 
Blood media, 103 
Blood plate hawnolysis, 23, 370 
Blue iTuUc, 382 
Bohme’s reagents, 126 
Boiling, steniisation by, 138 
Bordet’s theory, 250. 263. 287 
Bordet-Gengou badUus, 514 
rea«i(W, 309 
BorreUa, 629 

Bostfocm type of Aclmomyccs, 585 
Bolriomycosis, 364 
Botulism, 435. 623 
toxin, preparation and properties of, 
622 

Bouilion, 86, 95 
Boutonaeusc- fever, 664 
Bovine pleuropneumonia, 489 
Bnlliant green, bacteriadal activity of, 
145 

Brill's disease, €60 
Bromine, disinfectant action of 141 
Brownian movement. 6, 60 
Srucella, 357. SOt . ^ 

biochemical dlfferentiaiion of SO* 
Sr, abortus, 501, SW 
Br.branekuepUca, 501, 509, 510 
Br. meUtensls, 501 
Br.iuU, SOI, 505 
Brucellin test, 327, 508 
Brucellosis rn animals, 505 
in man, 505, 506 
skin test in, 327, 508, 509 
Bubonic plague, 49) 

Buchner's tube, 122 

. 20 . . 2 ., .22 

Cactnprofefn, 233 
Calmette^ test. 563 
Canine distemper, SOI, 509 
^psular, antigen, 237 
reaction, 395 
substance, 234 
Capsule. 4. 6, 203 

Phagocytosis and. 300 
staining of, 74 

cShyiSte 

C^^ydrate-proiein linkage and spe- 


Carbon, assimilation of, 15 
Carbon content of bactcna, 10 
Carbon dioxide, reduction of, IS ‘ 
and bacterial growth, 26, 124 
Carrier, human, 197 
dironic, 197 
contact, 197 
coaval«cent, 19? 
faecal ^e of, 198 
healthy, 189, 197 
insect, 196 
mechanical, 196 
portal, 196 
unnary type of, 19$ 

Carrier state, of Bad. tiphosm, 442 
of C. diptktrUu, 533 
of dysentery bacilli, 462 
of meningococcus, 414 
of pneumococcus, 398 
of V. tholerae, 472 
of viruses. 679 
Casonl test, 327 
Catalase. 120, 128 
Caiaphorcsis, 267 
Ciulobacferia, 167 
ttuJobactenaJes, 356 
Cedar wood oil, 45, 51 
Cell divisiot), 2 

bmao' l^ssioD , ,,, 

changes In, diumgS-R vafiatw®* 445 
grouping and, 2 
planes of, 3 ,,, 

fate of, 7, 11, 331 
Cell membrane, 5 
CWf receptors. 245 
Cell, structure of 4 

Cellular immunity, 219. .,30. 
Cellular oxidation, 2s 
^liuJaw, 24 
Cfcllulosc. 10 „ 
bydro’ystf of, 24 
Cerebrospinal 
Certified milk.^183, l$5 
Chamberiand filter, 149, 152 
Qiancroid, 519 

Chardin’s filter ,35 14D, 

Chemical agents, egect of, 33, 135, i-»u. 

See also Sterilisation 9 

Chemical composition of bacteria, 
CTiwnotaxis, 501 
Chemotherapy. 158 
Chkien cholera, 223, 220 
CfticJcenpox 699 
Chidc-Martin ^ 

Chlamydobacteriales 167. 35& 
CUamydoioz, 6S0 , 

Chloroform, germicidal effect o , 
Cholera bacillus, 467 
carrier 
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Qolera ba«Uui, cholera and, 471 
imm unity to, 473 
types of, 470 . 

Ckc’era-ted reaction, 128, 469 
Cbromatic aberration, 46 
Ctiromobacleria. 38 
Cbrotnogens. 62 
Chromophcre group, 62, 63 
Otiate utilisation test, 426 
Class. 35S 
Qaanatocytes, 295 
QassiScalion of bactena, 351 
bases of, 355 
Kheme of, 353, 356, 3S7 
Ounate, resistance and, 220 
Qurntjc bubo, 711 
Chstrldium, 352, 357. 594, <03 
chssification of, 604 
CK^lultnum, W3, €21 
Cl chainoei, 603 
a/o//M, 618 
Cihatofylteum, 603 
Cl. ntnyi (oedeinaUeas), 603, 617 
Cl. oedtmalitnz, 617 
Cl paitorlanum, 37 
Cl.ptrfiinstnz, 613 
Cl putnfieum, 165 
CUtpileum, 603, 616 

a«irdeKt,61S 

Cl. tporagtntt, 618 
Cl.utanl, 603, 605 
Cl.utanomorphums 6U 
CivekhU, 603, 613 ' 

□otiing of inilk, 128, 1^0 
Oubs, actinomycotic. 585, 586 
Coaiubie, 36. 203. 212. 215 
Coagulase test, 365 
Coal-tar dyes, €2 
Coarse adtuatment, 41 
Cocco6oci/fu5, 2 
Coccus, I 
CoHnizymes, 29 


ComoKnahnn, 190 

Ccininon cold, 

Conuoon names, 353 
Compamlor roethoo, w 
QMn^iUve inhibition by drugs. 160. 

Colony, smoth type. 344 
and disease. 290 
components of, Zay ^ 

contSit m the young, 219, 290 
deviafioQ. 287 
fitttion, 2W 

naiuTC of, 28S 
opscmns and. 289, 
origin of. 
properties of. 

^,es difference. 2?S 
iitraiton of. 294 

non-specific. 293 

Cotnpletnent'fixation ' • ,03 

^tieomplemernai^ eff«t >"• 

haemolytic sera tor. i‘*i 


cStoI'W 505 

Contagious aboriiOT o 
Conugious 5'**^ '543 ^ 550 
Cotrer's ‘520 

c acnes, 521. ^ 

r , 


'-ocBsymes, , -,7 

Cohesive force, aggluliaaiion and, 20' 
CoW agglutinins, 281. 718 
Cold, effect on bactena, 139, 172 
Coll group of bactena, 422, 423, 4*4 
Coliform bacteria, 174 
CoUform count, 174, 177 
Collodion membranes, 149, 152 
Colony, bacterial, 3, 116 
Colony, fishing of, 117 
Colony, G form 01, 333 
Colony, smooth type, 344 
Tcru^ type, 344 

Colony characters of bactena, 1** 
and variation, 332 
m S-R vanation, 344 
Combining powe', antigen of, asA 
of toKio. 253, 254, 253 


C. iminsfpllc<‘^' 521 
C ovis. 521 

C. pyogenes, 

C.renale, 521 

Cross reactions, 

c5l;»£» Ot wao.., 112 
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Blwd groups, ^stnbution of, 277 
Jnheritancc of, 273 
M, N !md P cell factors, 27g 

importance of, 279 
Blood transfusion, 279 
and Rh factor. 282 
Blood media, 103 
Blood plate haemolysis, 23 , 370 
Blue milk, ISZ 
Bohme's reagents, 126 
Boiling, sferibsation by, J38 
Bordet's theory, 250. 263, 287 
Bordet-Gengou bacillus. 514 
reaction, 309 
Borreiia, 629 

Bostroem type of Actinomyces. 38S 
Botnomycosis, 364 
Botulism, 455, 623 
Wwn, preparation and properties of, 
622 


Bouillon, 86, 95 


I'.b 

Bfill’s disease, €60 
Bromine, disinfectant action of Ml 
Brownian movement, 6, 60 
JBrucelta, 357, SOI 
biochemical di/fcrentiarion of, 5W 
Br, abortus, 501, 504 
Br. branchtseptka, 501, 509, 510 
Sr, meiitensis, 501 
Br, sjiis, 50J, 505 
Brucellin test, 327, 508 
Brucellosis in anunals, 505 
in man, 505, 506 
skin test lo, 327, 508, 509 
Bubonic plague, 493 
Buchner’s tube, 122 
Buffers, 89 

Bulloch’s jar, 120, 121, 122 


Csctoprotein, 233 
Calmette’s test, 563 
Canine distemper, 50t. 509 
Capsular, antigen, 237 
reaction, 395 
substance, 234 
Capsule, 4, 6, 203 
Phagpeytoiis and. 300 
staining of, 74 
viruleacc and, 203 
Cbrbohydrafe metabolism, 18 
products of, 20 , „ 

C^bohydratc-protein linkage and spe- 

Car^hc bactcriadal eiTccl of, 144 


&rbon» assimiJafion of, 15 
Orbon content of bacteria, to 
Carbon dioxide, reduction of, 15 
and barterial growth, 26. 124 
Canicr, human, 197 
chronic, 197 
contact, 197 
convalescent, 197 
faecal type of, 198 
healthy, tdO, 197 
insect, 196 
mechanical, 196 
portal, 196 
urinaty type of, 198 
Carrier state, of Burt. t}phosum. 442 
of C. dipthtrlae, 533 
of dysenteiy bacilli, 462 
of rocningocoocus, 414 
of pneumococcus, 393 
of V. ckoterae, 472 
of viruses, 679 
Casoni test. 327 
Catalase, 120, 128 
CitaphOfcsis, 267 
Caulobacteria, 167 
Caulobacteriales, 356 
Cedar wood oil, 45, 51 
Cell division. 2 
binary fission and, 7 
change in, during S-R varlaileu, 345 
grouping and, 2 
planes of, 3 
me of, 7, 11. 331 
C^U membrane, 5 
Cell receptors. 245 
Cell, structure of bacterial, 4 
Cellular immunity, 2J9, 230, 294 
Celiular oxidation, 2$ 

Cellulose, 24 
Octtulose, 10 
bydro'ysis of, 24 

Cerebrospinal meningitis. 412, 4t4 
Ccitined millr, 183. 185 
Chamberland filter, 149, 152 
Chancroid, 519 
Chardin’s filter paper, 92 
Chcmicaf agents, effect of, 33, 135, 140, 
See also Stcniisation . 

Cbeoiical compwition of bacteria, 9 
Oiemotaxn, 301 
Chemotherapy, lit 
Chicken cholera, 223, 226 
Chicienpot 699 , , 

Ouck-Manin method 149 
Chl^ydobactcrialcs 167, 356 
Ohfamydoroj. 6S0 
Chloroform, germicidal effect of, I4> 
Cholera bacillus. 467 
carrier of, 472 
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Elemsataiy bodies, 68 i 
staining of, 80 
Enctphaiitis, 690 
herpes and, 689, 690 
fapasese, 691 
ielhargic, 690 
post-infectious, 692 
St. Louis, 69i 
West Nile, 692 
Encephalomyelitis, 686, 692 
acute disseminated, 692 
equine, 692 
post-infectious. 692 
post-vaccmal, 692, 699 
Endemic disease, 199 
Endocarditis, gonorrhoeal, 408 
acute, streptococcal. 339 
subacute, streptococcal, 385, 386 
Eadnspores, 8 
^dQtqxins. 3S. 210, 212 
Ead-piece of complement, 289 
Enr'cbment media, US 
tirttnioeba kystal}ttca. 437, 462 
E«enc bacilli, 422, 423, 436 
wodienucal difTefentiafioci of, 432 
Etrtenc carriers, 442 
„ diagnosis of, 431 
Mlenc fever, 440 
Eateioeoccus, 163, 385 
Eo««TCrtoxin, 362, 363 
Eavifonffleot, adaptation to. 331, >41 
En^es, 19, 29 
adaptive, 333 
atb^ydtate-splitting, 24 
constitutive, 335 
bpolytjc, 24 
proteolytic, 24 
respiratory, 29, 35 

Er^™ production and variation, 334, 

Eosinophils, 295 
Epidemic conjcnclivius, 313 
Epidemic parotitis, 7)3 
Epidemics, 199 
Widenuc strains, 202 
Epidemiology, 199 > 

crpenmental, 200 
factors deterraming, 200 
Epizootics, 199, 436 
Equine encephalomyelitis, 692 
Erysipelas, streptococcal, 379 
^ swine. 593 
^sipcloid. 593 
^ilpelothnx, 357, 584, 592 
fhuslopalhiat, 592 
Erythema multiforme, 591 
Erythrocytes, lysis of, 213, 370 
“yuirocemc toxin, 376 
Essential metabolites, 14, 17. 161 


Essential oils, gerrrucldal effect of,’ 

145 

Eslenficatton of aoligens, 233 
Ether, germicidal effect of, 143 
Eubacteriales, 7, 356, 357, 359 
Eugonic, 548 

European typhus fever. 660 
Exaltation of virulence, 202 
ExcKtal contamination of water. 170, 
173 

Exit pupil, 49 
Exotoxins. 35, 209 
action of formalin on, 211 
chiracICTistiCS of. 209. 210 
chemistry of, 212 
neutralisation by, 211 
potency of, 211 
properties of, 211, ZIZ 
separation of. 210 
Experimental epidemiology 200 
Etirjcellular toxins See Exotoxins. 
Eye point . 49 

raculbiise, fttsserobes, 25 

aototfophi, 16 

Farcy. 581 

Faligwe, resistanw ano- -4 
Fats, in bacterial «11. j* 
decomposiiion of. 24. 25 
Faecal coatamination of water, i/o, 
173 

Family, in classification, 355 
Fermentation. 19. 98 
alcoholic, 181 
of milk. 150 
products of 19, ^ 
lube. Durham, IDO 
Fibnn. 216. 376 
Fibrinolysm, 36. 203. 213, 215 
Filter, oodles of 149 
Chamberiand, 149. 152 
Betkefeid, 149, 150 
MandlCT. 149, 151 

FihCT^Ie'forms and O wlony. 333 
Filterable haemolysin. 213 
toxins. See Exojoxins. 
vjnises, 359, 668 

Filtration. . 151. 689 

stenlisation by, 149 
Fine adjustment, 41 
Fishing of colonics. H7 
Fotaiives. 64, 81 
Fixed macrophages. Z^5 
endothelial, 295 
Fixed virus, 683 
F^sella, 6, 7 

HO variation and, i*i 
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CuUivatioji of bacteria, anaerobic, 120 
^hivation of viruses, 674 
Cultural differentiation of bacteria. 
125 

Culture media, 14, 84, 86 
preparation of, 84 
reactioa of, 88 
Cytochrome, 29, 30, 35 
oxidase, 29, 30 
Cytolysins, 229, 285, 288 
Qrfophile group, 247 

Danysz phcnomeDm, 250, 254 
Dark field nucroscopy, 53, 626 
D colony, 349 
Deamination, 22 
Decay, 21 

Decolourising agents, 64 
Decompc^ition of amino acids. 22 
Degenerative forms, 8, 329 
Degradation products of 
catabolism, 20, 22 
Dehydrogenases, 27. 28, 29 
Dengue fever, 713 

DesensXtsotion in serum sickness, 325 
Desoxyribonucleic acid, 350 
Destruction of bacteria, 134. Scf also 
Sterilisation 
mode of, 135 
Dialistcr, 357. 489 
pneumosintes, 489 
Dick test. 377, 378 
taun, 376 
Digest media, 96 

Diphasic Salmonella variation, 270 , 349 
Diphtheria, 520, 532 
carrier, 533 

immunity level m blood against, 
255, 539 
laryngeal, 53! 
prophylactics, 540 
totiod, 528 _ 

types and reaction lo antiserum, w 
Diphtheria bacillus. 520 

biological defferentiation of, 537 
Diphtheria bacillus, types of, 523, 
types and clinical diphtheria, mj, 

vimlence test of. 537 
Diphtheroid bacilli, 520 
Diplobacilli, 3 
Dipheoccus^ 3, 391 
r> crtissus 420, 421 
5:S»V 392. 39i, 420, 


Disinfectants, 134 , 

standardisation of, 148 
Disinfection, dynamics of, 145 
Dismutation, 28 
Dissodatiem, bactenai, 343 
of antigtn*antibody complex, 242, 
254 

Distribution of bacteria, 189 
Doderlein's bacillus, 166 
Donators, hydrogen or oxygen, 27 
Donovan bodies, 429 
Dorset's egg medium, IQ3 
Dosage, and infection, 2W 
and virulence, 204 LD 50, 201 
Droplet infection. J95 
Drug fastness, IW 
Drug idiosyncrasies, 322 
Dniscn, 586 

Dry heal and sterilisation, 137 
D-S variation, 349 
Ducrey’s bacillus, 510, 519 
Dixham’s fermentation tube, 100 
Oyes, 90 . , „ 

anaerobic reductioo cf, 27 
bacienadal activity 145 
selective action oi, if 
uses of, 63 _ 

Dynamics of dismfwXton, 145 
Dyscnteiy banlii, 422, 423, 45? 
apical, 459 . - 

bi^hcmical differentiauoD of. 458 
classification of, 459 
Dyscnteiy. bacillary, 461 
earners in, 462 
Dysgonic, 548 

Eartbenware filters. 749 
Ecology, 33 
Ectoparasites, 196 
Eclromclia, 671, 706 
Egg, allergy to. 304, 321 
antibodies against, 22 
albumin, 229 . .j, 

food poisoning and, 450 
infection of, 456 

&S's^hypothes^ 224. 231. Also 
see Side chiun thew. 245 
El Tor vibrios, 467, 476 
Electric charge of bacteria, 267 
Electricity, effect of, 

EjSrob’tS^^'aggluiination aod, 266, 
El^on micfoscroe, 57. 672 

^obulin, 243 
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Elementary boJws, 681 
staining of, 80 
Encephahtu.^ 690 
herpes and, 689, 690 
Japanese, 691 
lethargic, 690 

post-mfectious, 692 

St Lcuis, 691 
West Nile. 692 

Encephalomyelitis, 686, 692 
acute disseminated, 69- 
equine, 692 

post-mfectious, 692 
post-vaccinal, 692, 699 
Endemic disease, 199 „ 

Endocarditis, gonorrhoeal, 4ua 

acute, streptococcal, 3'J9 
subacute, streptococcal, 385, i 
EndQsporcs, 8 
Endotoxins, 35, 210, 212 
End-piece of complement, 289 
Eftnchment media, 11°,, 

Entmotba hystolytKa>JbT.J(>i 
Enteric bacilli, 422, 423 , 436 
biochemical ditTereniiation of, 4i2 
Enteric earners, fA2 
diagnosis of, 451 
intenc fever, 440 
Enterococcus, 165, 3» 

Eaterotoxin, 362, 363 341 

Envirotimeoi, adaptation to, » 
Enzymes, 19. 29 
adaptive, 335 . 

carbohydrate-splitting, 2'* 

constitutive, 335 
lipolytic, 24 
proteolytic, 24 

variation. 3W. 
335 

Eosinophils, 295 , 

Epidemic conjunctivitis, 

Epidemic parotitis, 713 
Epidemics, 199 
Epidemic strains, 20- . 

Epidemiology, 199 
experimental, 200 
factors determining, 2 W 
Epizootics, 199, 436 

Equine enccphalomyebtis, 

Erysipelas, streptococcal, iiy 
swine, 593 
Erysipeloid, 593 _ 

Erysipeloihrix, 357, 584, 592 
rhmtdpflf/iiflf, 592 

f Erythema muUifprme, 59i 

Erythrocytes, lysis of. 213. 3W 
Eiythrogemc toxin, 3/o -gj 
' Essentiid metabolites. 14. H. *** 


EMBlial oils, germicidal elTcct of, 

Est^cation 

c..»nn^, 548 i£n 


Eugonic. W . 660 
European typhus • o,g-> 

gSrcom.rnat,oaSt.a.cr, 170, 

^S-iSmo„.2n 

action of formalin ^ 

JhamcierBriCS of, 209. 
chemistry of. 212 ^ 

neutralisation by. 

potency ot. 211 

Mopertics of. 211 . ^ 

«paraiion of. 200 . 

Eye point. 49 

A- ‘f offo'ls"' 

Fermentation. 
alcohoiic, 1«> 
of mill. ISO .5 JO 
KS^“Dathlm!’l00 
Fiona, 216. 37 215 

FiOnoolysm, 36.f“4 

Beikcfcld, 149. lou 

*'^?'-i\^and G colony, 333 
•'S'SioaW.;« 

SnroW|;- 

F,«>> 

■''“.ffS'Vamlio" aad, 347 



734 


A TEXTBOOK OF BACTERIOLOGY 


Flagella, origin of, 7 
position of, 7 

S-R variation and. 346, 347 
staining of, 75 

HagriJar antiCTos. 237, 269, S48 
of SamotieUa, 34 g 43 J 
of vibriof, 470 ’ 

Fiavoprotein enzyme, 29 
Flocculation, Ramon, 262 
Fluorescent bacteria, 167 
FIuores<«nt microscopy, 53 
of tubercle badlli, 53 , 56s 
Fluorcscm, 34, 482 

Fly, as a transmitter of infection. 196. 
44] 

Focal infection, 207 
Fomiies, 196 

Food poisoning group, 422, 423. 430 
Food poisoning, 454 
botulism, 455, 623 
ptomaines and, 217. 455 
Salmonelia, 454, 455 
Staphylococcal, 363, 455 
types of, 455 
Food*borne Infection, 196 
Foot-and-mouth disease, 669, 672 
transmission by milk, 179 
Pore^milk, bacteria in, 178 
Formaldehyde, effect of, on bactena, 
142 

on toxins, 211 
Pormol toxoid, 211, 541 
Porssman antigen, 235 
Fowlpox virus, 671 
jFtanibocsia, 650 
Free receptors, 246 
Freezing and thawing, 675 
Frei test, 327, 712 
Fresh tissue, use of, tn culture 
media, 109. 120 
Friedlander group, 423, 427 
Fungi imperfecU. 356 
Fungus, 356, 359 
Fusiform badib. 483, 632 
Fusobaeterium, 357, 4S5 
fusobaetfrium ptauti'Vincenti, 4S6 
Fusi/ornils ramosas, 487 

C colony, ^3 

Gall-bladder, Sect, hphosum m, 443 
Gall stones and infection, 442 
Gamma globulin. 243 
eas pamac, 6I S 
bacteriology of, 6/a 

Gastne juice 218 
Gastrcveotentis, paratyphoid, 438 
Gelatin, 97, 231 
liquefaction, 21, 97 


Gelatin, hydrolysis of, 22 
nteda, 87, 97 

Genet^ised infection, 205, 206 
Generic names of bacima, 352 
. Genital tract, bacteria in, 166 
Grotian violet, bacteriostatic effect of. 
l4S 

Genus, 352, 354 
German measles, 703 
Germicide, 134 
Giant cells, 193. 554 
Giardia bfiestmalu, 461 
Giemsa’s stain, 77 
Glanders, 581 
maJJejs test in, 327, 382 
Straus reaction in. 581 
Glandular fever. 716 
Glassware, 64. 85 
preparation of, 85 
stmlisnUon of. See Stenliadoa 
Globulus, antibodies aod. 241 
immune, 243 

variation tn size of molecule of, 242 
to bacteria, 10 

Gfyeero!, eemicide} effect of, J44 
Gonidiai forms, 333 
Gonococcus, 405 
types of, 405 
Gonorrhoea, 409 
complement-fiestioa test h, 411 
tn children, 40S, 409 
Gradocol membranes, 153, 672 
Gram stain. 66 
mechanism of, 67 
Gratniadui, iS4 
Gram-negative bacteria. 69 
Oran .positive bactena, 69 
Graoulcs, actinobadlJosis ana, 59. 
aetinonaycobc, 586 
Babes-Emst, 522 
jnetachromatic, 522 
mycetoma 590 
Much’s, 547 

Oranulwna inguinale, 428 
Cravis type ofdiphih^ baaTJvf, 323 
Ground souirrt), bubonic plague arw, 
493 

Croup agglutinins, 269, 273 
Croup antigens, 237 
Cro»lh, bacterial, 31 
accessory factors for, 17 
oril size during, U 
curve of bacterial, 11 
t0tct of tanperature >, 

essential metabolites 14. Id» 
facion, 37, 161 
initial stationary phase, 31 
logarithmic phase. 11 
maximum pH for, 25 
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Gro^»'th, 'maximum temperature for, 31 
metallic rate during, 12 
fliitumum pH for, 25 
minimum temperature for, 31 
morphological variation during, 7 
optimum pH for, 25 
optimum temperature for, 31 
relation of food concentration to, 14 
reauirements of bacteria, 13 
Gaamien bodies, 693 
Guinea-pigs, 130 
normal temperaturee of, 132 


H agElatinins, 237, 433 
H antigen, 237, 431, 434 
of Proteus, 347, 480 
of Salmonella, 348, 421 
of V, ekolerae, 470 
H-0 variation, 269. 347 
Halogens, bactericidal effect of, 143 
Hanging-block culture, 61 
Haagwg-drop preparation, 59, 125 
Haptens, 213, 234 
and anaphylaxis, 306 
fonnidg antigenic complex In body, 
235 

in precipitin reaction, 264 
lipoid, 235 
polysaccharide, 234 
Haptophore, 246 
Harvest fever, 655 
Haverhill fever, 591 
ffaverfiillia multiformis, 591 • 

Heart water disease, 659 
Heat, dry, action of, on bactena, 137 
fonnation, by bacteria. 36 
injurious effect of, 137 
mechanism oflethal effect, 137, 138 
moist, action of, on bacteria, 138 
Heavy protein, 675 

Haemagglutmation by influenza viros, 
705 

Haemagglutmins, 253, 266, 274. See 
also Blood groups 
Haemagglutmogcns, 274 
Haematm, U. influenzae and, 511 
Hemicellulose, 10 
Hemipyocyanin, 154 
Haemolysm, 36. 203. 212, 213, 238, 
274, 370 

bacterial. 285, 288, 370 
filterable, 313. 371 
beterophile, 236, 287 
immune, 213, 285 
natural, 285 

e-haemolysis, 213, 371, 384 
«-hacmolyiis, 213, 371 
Haemolysis, 285 


Haemolysis, blood plate, 213, 370 
beat-cold, 362 

Haemolytic amboceptor, 285 
Haemolytic sera, 293 
preservation of, 293 
titration of, 293 
Haemolytic streptococci, 371 
Lancefield’s group, 372 
Haemolytic system, 291 
Haemophilus. 357, 510 
H cams, 510, 514 
H ducreyi, 510, 519 
H duplex, 510, 518 
H haemofflabinophiluj, 510 
H haemolyticus, 510 
H. influence, 5 10, 7(M 
H. influenzae sms, 510 
H. paramfluenzae, 510, 514 
H parapertussis, 515 
M pertussis, 510, 514 
H. sms. 510. 514. 704 
Haemorrhagic septicaemia, 450 
Herpes, febnlis, 689 
gcniuLs 689 
labtabs, 689 
simplex, 689 
zoster. 690 . 

Heterophile antigen. 235 
distribution of, 236 
Hclerotrophic bacteria, 15 
High litre sera, 129, 266 
Hikojima type of V- ekolerae, 470 
Hiss and Russell's Y bacillus, 460 
Histamine la anaphylaxis, 314 
Hisuocyies. 295 
Hofmann’s bacillus, 543 
Hog-cholera, 677 
Horse serum, sensitivity to, 403 


l«.S» ui, 

Hydrogen acceptorsj^CT ^ 


ot earoonyuuies, lo, .-t 
of cellulose, 19, 24 
ofdisacchandcs, 19, 24 
of gelatin, 22 
ofbcxoscs, 19 
of pentoses, 20 
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Hagella.origin of, 7 
position of. 7 

S-R VMiatioa and, 346. 347 
staining of, 75 

Flagellar antigens, 237, 269. 348 
of Salmonella, 348 43 j 
of vibrio?, 470 
Havoprotein enzyme, 23 
Hocculation, Ramon, 262 
Fluorescent bacteria, J67 
Fluorescent microscopy, 53 
of tubercle bacilli, 33, 565 
riuoresan, M, 4S2 
Fly, as a transmitter of infeaion. 196 
441 

Focal infection, 207 
Fomites. 19-6 

Food poisoning group, 422, 423, 430 
Food poisoning, 454 
botulism, 455, 623 
ptomaines and, 217, 455 
Salmonelfa, 454, 455 
Staphylococcal, 363, 455 
types of, 435 
Fooa*bomo inftetton, 196 
Foot-and*mouth disease, 669, 672 
transmission by milk, 179 
Fore*tnilic, bacteria in, 178 
Fontaldehyde, effect of, oa bacteria, 
142 

on toems, 21 1 
Formol toxoid, 211, 541 
Forssman anti^n, 235 
FowJpox virus, 671 
Framboesta, 650 
Free receptors, 246 
Freenng and thawing, 673 
F«i test, 327, 712 
Fresh ti»ue, use of, in culture 
media, 109. 120 
Fricdiandcr group, 423, 427 
Fungi imperfeett. 356 
Fungus, 356, 359 
Fusiform baciiii, 4S5, 632 
Fusabacterium, 357, 485 
Fuiobactetium plautf-vincenti, 4S6 
Fusifarmh remcittr, 487 

G eo1wjy» 3d3 ^ 

Gallbladder, Bact. typkosum^, 443 
Gall stones and mfection, 442 
Gamma gtobulm, 243 
Gas gangrene, 618 
bactenology of. tis 

paratyphoid. 43S 

Gclalii^ 97, „ 

liquefaction, 21, ^ 


Gelatte, hydrolysis of, 22 
media, 87, 97 

Generalised infection, 205, 206 
• ^enc names of bacteria, 352 
. Genital tract, bacteria in, 166 
Gratiaa violet, bacteriostatic effect of, 
145 

Genus, 352, 354 
German measles, 703 
Germicide, 134 
Giant cells, 193, 5S4 
Giardia intestinalis. 461 
Gienxsa’s stain, 77 
Glanders, 5S1 
mallein lest m, 327, 582 
Stram reaction in, 581 
Glandular fever, 716 
Gbssware, 84, 85 
preparation of, 85 
stenlisation of. See $(eril/sstktn 
Globulin, antibodies and, 24i 
immune, 243 

variation lo size of molecule of, 242 
m bacteria, 10 

Glycerol, germicidal effbri of, 144 
Gonidial forms, 333 
Gonococcus, 405 
types of, 40S 
Gonorrhoea, 409 
comolement'fixauon test hi, 4H 
m cfuidiTo, 403, 409 
Gradocol membranes, 153, 672 
Gram stain, 66 
mechanism of, 67 
Cratriadm, 154 
Gram-oegative bacteria, 69 
Gran •positive bacteria, 69 
Granules, actmobanilosis and, 39- 
actinomycotic, 586 
Babes-Ernst, 322 
nutachromatic, 322 
mycetoma 590 
Much’*, 547 
Granuloma iogaiiaie, 428 
Gravis type of diphtheria bacillus, 52J 
Ground smiicrri, bubonic plague bbo, 
493 

Group aggfutiorns, 269, 273 
Group antigens, 237 
Gro^> bacterial, 11 
aceessoiy lactors for, 17 
cell sum during, 11 
curve of bacterial, 11 
effect of temperanne 00, 31 
f^vn rial metabolites and, 14, 
factors, 17, 161 
ioittal stationary phaae, II 
lo^iriihmic phase, 11 
maximum pH for, 25 
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Infective hepatitis, 71t 
Inflammation, 367 
Influenza, 513, 704 

A, 704 

B, 704 

bacillus, 510, 704 
swine, 705 
virus of, 704 

Influenzal meningitis, 414, 513 
Infusion broth, 95 

Inheritance of hypersensitivity, 317 
Inherited resistance, 217, 222 
Inoculation of media, 113 
Insect vectors, 196 
Insect-bome diseases, 196 
Inspissator, 101 
Intensifiers, 64 

Intermedius type of C diphthenae, 523, 
524 

Intermittent sterilisation, 139 
Intestinal anthrax. 599 
Intestinal flora, 165 
totracellular lysis, 300 
Intramolecular oxidation, 98 
lavasiveness of bacteria, 202 
Involution forms. 8, 329 
Iodine, effect of, on bacteria, 143 
Iodised protein, 233 . . 

Ionisation, effect of, on toxicity of salts, 
142 

Iron bacteria, 167 
Iran content of bacteria, 10 
Iron porphyrin enzyme, 29 
Irradiation, effect of, 299 
Isoagglutmms, 274 
atypical or irregular, 28 1 
Isclation of pure cultures, 175 


Jail fever, 660 
Japanese encephalitis, 691 
Japanese seven-day fever, 655 
Johne’s bacillus, 545, 571 
Johne’s disease, 571 
Johnin reaction, 571 
Jungle yellow fever, 707, 708 


Kahn test, 648 

Kingdom, in classification, 355 
Klebs-Loefiler baallus, 521 
Koch’s phenomenon, 561 V/' 
Koch’s postulates, 192 
Koch-Weeks bacillus, 510, 513 
Koumiss, 181 


LD 50 dose, 201 ' 

L + dose, 257, 529 


X, VlUgUlltuj, IVI. -y- 

L. caucasieus, 484 
L. odonloJyticus, 484 
Lactobacilli, acid tolerance of, 485 
in dental caries. 484 
in milk, 181. 484 
Lamziekte, 628 
Laryngeal diphtheria. 531 
Latent infection, 189, 206 
Latent syphilis, 637, 642 
Lattice hypothesis, 263 
Lead acetate agar. 110, 128 
Legumes and nitrogen fixation, 37 
Lemco, 95 
Lens protein. 234 
Lepra cells. 575 
Lepromin, 577 
Leproma, 575 
giant cells m, 575 
Leprosy. 574 
trophic changes in. 576 
Uprosy bacillus, 545. 573 
non-acid fast phase of, 574 
Leptospira, 357, 628, 651 
L autumnalis, 628, 655 
£ bifiexa, 628 
L eanicola, 628. 652 

L seterohemorrhogiae, 628, 651 
L pyrogenes, 655 
Leptathrix buccalis.Sp 
Leplotnchia, 357, 584, 592 
buccalis, 592 . . p 

Lethal effect of heat, mechanism of, 
137, 138 

Lethargic encephalitis, 690 
Leucocidin, 36, 203, 212, 214 
effector, 214 

relation to pa‘hogenicity. 215 
Uucwytes. enzymes of, 301. 367 
function of, m immunity, 219, 294 
m milk, 185 
phagocytosis by, 294 
Lcuconostoc, 357 
Leukms, 301 
Leukotaxine, 302 
Lf dose, definition of. 258. 530 
Life cycle, bacterial, 330, 331, 342 
Light, action on bacteria, 135. 136 
■ formation of, by bacteria, 36 
Limber neck, 623 
Lipochromes. 35 

Upoid antigens. 234 

Lipoid content of bacteria, 1 1 
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Hydrolysis of polysaccharides, 19 , 24 - 
ofprotems, 21 , 24 
of starch,19, 24 
Hydrophobia, 682 ' 
Hypersensifiveness, 230. 304 
forms of, 304 i 

immunity and, 304 
in man, 316 
inheritance of, 317 
to Brucella, 327, 508 
to tubercle bacilli, 327 
to viruses, 677 


fee and ice cream, bacteria in, 139, 172, 
441 

Identification of microbes, 112, 125 
Idiopathic tetanus, 609 
Idiosyncrasies, 304 

Immune bodies, 2S5. See also Anu> 
bodies 

T ..1.1.. 1... ‘tM 


acquiieu, JlaI. 
active, 222, 224 
age and, 219 

antibacterial, 227, 238, 258 
antitoxic, 226, 253, 255 
antiviral, 676 
artificial, 222, 224 
cellular, 219, 231 
cellular response in, 219 
cellular theory of, 231 
cross reactions in, 233 
humoral, 219. 231 
bypersensitjvjtyand, 304 

innate, 222. See also Natural 
immunity 
local, 227 

Metchnikoff’s theory of, 230 
Mechanism of, 230 
method of inducing, 225 
natural, 222, 223 

non-specific. 259 

passive, 222, 224_, 228 
placental transmission, 228 
racial. ^3 
reactions, 243, 260 
species, 223 
tissue, 224 

Iirunumsation, 

256 


methods of, 225, 


Immunological specificity 23 ? 233 
chemical basis of, 232 
haptens and, 234 
species specificity in, 232 
Jnwnupological types, transmutation of 
349. 394 ' 

Immunological, reactions. 243 . 260 
tests, 193 
vanation, 339 
Impressed variation, 341 
Inaba type of cholera vibrio, 470 
Inactivation of serum, 284 
Incinerator, 137 
Indusion bodies. 193. 668. 679 
intracytoplasmic, 680 
intranuclear, 680 
staining of, 79 
Inclusion conjunctivitis, 716 
Incubation period, 205 
Incubators, 1 17 
Indicators, 63, 90, 100 
Indole, test for, IZ6 
Indophenol oxidase, 407 
Infection, 188, 189 
air-borne, 195 
atypical, 194, 198, 206 
dosage and. 204 
droplet, 195 
endemic, J99 
endogenous. 194 
epidemic, 199 
exogenous, 194 
focah 207 
iboeftome, 196 
^nerahsed, 205, 206 
loapparenf, 189, 252 
inhented resistance to, 217, 222 
latent, 189. 197, 206 
localised, 205 
mass, 188. 199, 200 
mrxed, 207 
pandemic, 200 
racial resistance to, 219, 223 
reserwir of, 194 
itwtes of, 198 
SccMdary, 207 
sex and resistance to, 220 
sources of, 193, 198 
Species resistance to, 219, 22J 
Specific, 191 
Sporadic, 199 

transmission by insects, 196 
transmission of, 194 
Infection immuniv. 627 
m syphilis, 636 
in tuberculosis, 560 
lalectious disease, 191 
Zhfectfousiaundice, 652 
Infectious mononudeosis, 716 
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Infecth-e hepatitis. 717 
Inflammation, 367 
Influenza, 513,704 

A. 7M 

B, 704 

bacillus. 510, 704 
swine, 705 
virus of, 704 . 

Influenzal meningitis, 414, ai a 
Infusion broth, 95 
Inheritance of hypersensitivity, 317 
Inhented resistance, 217, 222 
Inoculation of media, 113 
Insect vectors, 196 
Insect-borne diseases, 196 
Inspissator, 101 
Intensifiers, 64 . , , 

Intermedius type of C. diphtheriae, 523, 
524 

Intermittent sterilisation, 139 
Intestinal anthrax, 599 
Intestinal flora, 165 
Intracellular lysis, 300 
Intramolecular oxidation, 98 
Invosiveness of bacteria, -02 
Involution forms. 8, 329 _ 

Iodine, effect of, on bacteria, 143 
Iodised protein, 233 

Ionisation, effect of. on toxicity of salts, 
142 

Iron bacteria, 167 
Iron content of bactcna, lo 
Iron porphyrin enzyme, 29 
Inadiation, effect of, 299 
Isoagglutinins, 274 
atypical or irregular, -ioi 
Isolation of pure cultures, 175 

Jail fever, 660 
Japanese encephalitis, 691 
Japanese seven-day fever, 655 
Johne’s bacillus, 545, 571 
Johne’s disease, 571 

Johnin reaction, 571 
Jungle yellow fever, 707, 708 

Kahn test, 648 ..... ,«< 

Kingdom, m classification, 355 
Klebs-Loelller bacillus. 521 
Koch’s phenomenon, 561 v* 

Koch’s postulates. 192 i-f 
Koch-Weeks bacillus, 510, 513 
Koumiss, 181 


Lactic acid fermentaion of milk, 180 
laetobaeillus, 357, 484 
L. acidophilus, 164, 181, 484 

blfidus, 

L. bulgarteus, 181, 190, 484 
£, eaueasleus, 484 
L.odantol>ticus.m 
Lactobacilli, acid tolerance of. 485 
in dental canes. 484 
in milk, 181. 454 
Lamzickte, 628 
LaiyngealdipWI''"!- 531 
Latent infection, 189, 206 
Latent syphilis, 637, 642 
Lattice hypothesis, 263 
Lead acetate agar. 1 10. >28 
Legumes and nitrogen fixation. 37 
Lemco, 95 
Lens protein. 234 
Lepra cells. 575 
Lepromin, 577 
Leproma. 575 
giant cells in, 575 

'^u'S'cSi;ise! in- 57^ 

Leprosy bacillus. 545, 373 
non.ac,dfaslrtoeoj,574 

‘‘Kr-S-Ss.® 

L hebdsmadis.SlB.tSS 
L. ictcrohtmotrhagtai, 628, 03i 
L. pyrostnes, 655 

buccalis, 592 . - 

Lethal effect of heat, mechanism of. 

Lethargic encephalitis. 690 

Leucocidin, 36, 203, 212, 214 ^ 

effect of, 214 . 

relation to patl^occmcity. 215 

Uucocytes, enzymes of. 301, 367^ 

function of. m immunity, 219, .94 
in milk, 185 
phagocytosis by, 294 
Leuconostoc, 357 
Leukins, 301 
Leukotaxme. 302 
Lf dose, definition of. IWS. 530 
Life cycle, bacterial, 330. 331 , 34- 
Light , action on bartena, 135.1 36 
formation of. by bacteria, 36 
Limber neck, 623 
Lipochromes. 35 
Lipoid onugens, 234 

Lipoid content of bacteria, 1 1 
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Ijpoid haptens, 234 

^235^ linkage and spedfidty, 

Lipoids iQ tubercle bacilli, 70. 546 
ListcreUa, 357, 48S 
Tnonocytogi/ies, 488 
ListerelJosi^ 485 
Litmus, 100 

Litmus nu'Jt, reaction in, 128 
Lo dcse, definition of, 257, 529 
Lobar pneumonia, 399, See Pneu- 
monia 

Local anaphylaxis, 312 
Local immunity, 227 
Localised infection, 205 
Loeffler’a medium, 101 
Loefflerella, 579 
Logistic growth curve, 146 
Lophotrichoos flagella, 7 
Louping-ilJ, 691, 706 
Lowcnstein Jensen’s medium, 103 
Lr dose, deJiftition of, 357, 330 
Lummiscence. 36 
LupuSj 557 

L^hoid tissue and antibody fonnatioo. 

Lymphocyte chorio-memngitis, (93 
virus Of, 693 

Lymphogranuloma inguinale, 711 
Lympfiogranuioma venerium, 7il 
Lymphoid ttsaue and antibody fortna- 
non, 239 

Lyophilic process, 13? 

LysiM, 238, 285 
general properties of, 285 
heterophile, 236, 287 
mechamsm of actiwi cf, 287 
natural, 287 

Lysogenic strains of bacteria, 722 
Lysol, bactericidal effect of, 145 
Lysozyme, 165, 166, 218 
Lytic antibodies, 238, 285 
Lytic reaction, mecbanisni oL 187 


MandJerfliterj, J49, j5j 
Maafoux test, 562, 563 
Marseilles fever, 664 • 

Mass infection, 188, 199 
Mastitis in cattie, 383 
McIntosh and Fildes' apparatus, 124 
Measles, 700 
vims of, 701 
Meat infusion, 86 
Media preparation, 84 
reaction of, 25 
slopes, 94 
sterilisation of, 90 
Melioidosis, S83 
Straus reaction in, 583 
Meningitis, 411 
acute aseptic, 693 
coccal, 414 
epidemic, 414 
Influenzal, 414, 513 
meningococcal, 411, 414 
syphiJific, 641 
tubercuious, 414, 557 
Meningococcus, 411 
carriers of, 415 
types of, 413 

Mercuric chloride, bactcriadal activity 
of, 142 

Mercury vapour lamp, 57 . 

Merthiolate, bectencidai settwy «» 
342 

Metabolism, bacterial, 13 
of bactenopbage. 721 
of ricJccttsia, 657 
of viruses. 675 

Metachromatic granules, 5, 5a 
Mctchnikoff’s theory, 219, 230. 294 
Methyl red test, 100, 127 
Methyl violet, bactenostatic aatvity 01, 
145 


M colony, 349 
MacCIeod’sappratw, 122 

MacrophaS^M.301 
sviieiB of cells, 295 

^^l *?fiiion resistance and, 221. brightness, 45, 49, 51 

Malnutouo . condenser, Abbe type, 42. 43, 48 

Malts fever, 


J.Sjcioojc dissociation, 344 
Microbiology, 359 
Micrococcactae, 356, 357 
jifieroeeccus, 3, 360, 366 
jif, aquetihi, 168 
M. eandicons, 168 
M. tetrageeus, 366 
Micromampalator, 681 
MKXoaietTy, 55 
MtcrcMnicron. 55 
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M^scope, condenser, dark ground, 

correction mount, 43 
correction oflenscs, 46 
dark ground, 53, 61 
dcSniUoa, 49, 52 
depth of focus, 49 
electron, 57, 61 
eye lens, 43 

eyepiece, 43, 45, 47, 55 
field lens, 43 
flatness of field, 49 
fluorescent, 53 
focal intercept, 48 
front Jens, 43 

Huygheman oculars, 45, 47 
immersion lens* 45 
lamps. 48, 53 

magnification, 43, 45, 49, 50. 52 
magnification, methods of changiag, 
50 

mechanical stage, 42 
nosepiece. 43 

nutnencal aperture, 45, 50, 52 
object glass. Sm Objective 
objectives, 43, 45 
oculars. iS«ff Eyepiece above 
osl immersion lens, 45, 50 
optical parts of, 40, 46 
parts o<; 40 
fequirements of, 49 
resolving power of, 47, 51 
resolution, limit or, 52 
source of light, 47 
tube length, mechaaical, 44, 50 
tube length, optical, 44, 50 
ultraviolet, 56, 61 
worldng distance, 48 
Mi^scopic study of bacteria, 59 
Mid-piece of complement, 289 
Miliinucron, 35 
J4i!k, 178 

and-forming bacteria in, 180 
ijeohohe fermentation of, ISl 
alkali forming bactena id, ISl 
antibodies against. 229 
MCtcrial count of, 182 
bactericidal property of, 182 
bacteriology of, 178 
^ct. coil count of, 184 
Breed’s count of, 183 
cell count of, 185 

cell nest and tutercle bacdli lo, 184 

cenified, 183 

clotting of, 128, 180, 181 

owitrolof. 178. 185 

detection of tubercle bacilli In, 184 

diseases of, 182 

»nen bacteria in, 182 


MiDc. isolation of pathogenic bacteria 
from, 184 
LaetobaeiUus f/r, ISI 
litmus reactions of, 100 

media, 100 

methylene blue reaction of, 183 
number of bactena id, 178, 380 
pasteurised, IS3 
pepronisatioQ of, 100 
plate count of, 1 82 
products, pathogenic bacteria in, 187 
sedimentation test of, 185 
source of bacteria in, ITS, 179 
source of pathogenic bacteria in, 179 
lubercuIiD-tested, 183 
Minimum dose, 294 
Minimum lethal dose, 201, 256 
Mile typhus of Australia, 665 
Mitts type of C. dtphehertae, 523, 524 
Mired infections, 207 
M H D . 294 
ML.Dm 201.256 
Moist heat, stenhsabon by, 138 
Moisture essential for life, 136 
Molluscum contapostun. 715 
Motony test, 541 
Mooomolecular reaction, 146 
Monoroorphism, 329 
Monophasic sera, 435 
Mooospeofic serum, 248, 249 
Monotnehous flagella, 7 
MomX'AMQfeld bacillus, 510, SIS 
Mordants, 64 

Morgan’s bacillus, 466. 479, 481 
Moro’s percutaneous test, 562 
Motptioiogical variation, 331 
Morphology, 1, 2, 125 
colonial, 3, 125 

Mosaic disease of tobacco, 669 
Motility of bactena, 6, 60 
H-O vanation and, 347, 435 
S*R variation and, 346 
types of, 6 

Mi^ds, antibiotic substances from, 155 
Mouth, bacteria in, 164 
Much’s granules, 547 
Mumps, 7)3 
Murine Wbiis, 660, 663 
Mutation of bactena, 340 
Mycelium, 584, S36. 587 
Mjeetoma, 589, 590 
Myf^>ac>enuni, 357, 545 
Myco. avium, 545, 570 
Myca. butvricum, 545 
Afyco chelonei, 572 
Myca. leprae, 545. 573 
Myta, murls, 545, 571 
Myca. leprae murium, 545. 578 
Myeo.paTatubeTCulotu, 545, 571 
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Mycobacterium, phlef, 545 
Myco. piscium, 572 
Myco. ranar, 572 
Myco. smegmatls, 166, 545. 572 
Ai>co. stercoris, 545 
Myco. thanmopheos, 572 
Myco. tuberculosis, 545, 546 
Sfyco. var. bovis, 545 
Mj-co. var. bommis, 545 
mykol, 550 
Mj-TObacienaJes, 3S6 


NsRlcf rcactton, 615 
Naked flame, J37 
Nasal diphtheria, 531 
Natural antibodies, 224, 236. 239. 
252 

Natural haemolysins, 285 
Natural immunity. 222. 223 
NecrobacjUus, 487 
Nccroioxm, 362 
Negative phase, 240 
Negri bodies, 193, 6S0, 683 
NciH-Mocser reaction, 659, 663. 664 
Nfitsser's stain, 73 

Neisscr-Wccfasbcrg phenomenon, 287 
Neisseria, 405 

biochemical difTerentiaiton of, 418 
N CQiarrkalis, 405, 420 
N. erassus, 405 
M/ct<r,405, 420 
N. fiavescens, 405, 421 
N gonorrhocae, 357, 405. See Gono- 
coccus) 

N. Iniraeellularis, 357, 405, 41 1. See 
Meningococcus) 

N. perjlava, 420 
N. sicca, 405, 420 
N. subfia>a, 420 
Ncurosyphilis, 641 
tieurovccciTie, $96 
Neutralisation test, 253, 676 
Neutralising antibodies, 230, 239, 676 
New tuberculin, 562 
Newcasle baciDus, 423, 459 
Nitrate, anaerobic reduction of, 29 
reduction of, fay bacteria, 38 
reduction test. 127 
Nitrification, 3?, 38 
Nitrifyingbac^na, 38 
in water, 168 

Nitrite, formation of, 15, 38 
Oxidation of, J5, 38 
Nitriiicd crisis. 313 
Mrclacm IJ- 38 

ox St5» or “i"?! K' M 

Nitrogen content of bactenn, 1 


Nitrogen fixation, 37, 190 
by Azotobacter^ 37 
by Cl. pastormim, 37 
by Mizobium group, 37 
mechanism of, 37 
symbiotic, 37, 190 

Nitroso-indolff reaction, I2S, 469 See 
cholera red reaction- 
NUrosocpccus, 35 
Niirosomoim, 15, 38 
io water, 168 

oxidation of ammonia by, 15, 38 
Nocardia, 584. See Actinomyces 
Nodules, leaf, 35 
root, 37 

Nomenclature, bacterial, 351,352 
Noc-hacmolytic streptococcus, 371, 385 
Non>pTotcin antigens, 235 
Non-soecific protein therapy. 240 
Normal flora of body, 163, 190, 218 
Notatin, )57 

Novy'sapparaius, J20, 121, 122 
Nucleic acid in bacteria, 10 
Nucleoprotem in bacteria. 10. It 
Nocleos, theonw of, its presence in 
bacteria, 5 
Nutrient, figar, 97 
bsofh, 86. 95 

Nutniion, resistance and, 221 
chemosymhetic, 14 . 

Nutritional requirements ofbacteria, u 
Nutntive substances, f4, 15, 16 
building units, 16, 22, 161 
ctialysts and, 18 
■ coDcentratJon of, 14 
esjcniial, 16, 17 
nicotinic acid, 17 
pantothenic acid, 162 
puneiicaad, 17 
pyruvic acid, 16 
nboflavme, 17 
sources of energy, 14 
(hbmiae, 17 

O asglalifliffls, 237, 433 
O antigen, 237, 431, 434 
OWigatory aerobes, 25 
Obligatory anaerobes, 25 
(^wa ty^ of ckolerae, 470 
Old tuberculin, 562 
Ophtbalnua, gonorrhoeal, 40S. 4W 
Opsonic activity, 293 
and complement, 290 
Opsonic index, 296 
<^<auas. 213. 230. 239. 259, 294, 298 
action of, 298 
influencing facton, 299 
noo-speciSc, 298 
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Opsomns, co'iipletnent and, 299 
immune, 298 
nature of, 299 
phagocytic index and, 296 
Optical parts of a microscope, 40 
Order in classification, 355 
Organ specificity, 234 
Ongin of antibodies, 247 
Ofiuthodorus, 630 
Oroya fever, 666 

Osmotic pressure, effect of on the 
^bacterial cell, 141, 142 


Oxidation, 2f> 
aerobic, 28 
anaerobic, 27, 28 
intracellular. 28 



pH, 8S. 90 


Pandenuc disease, 200 
Pappataci fe\er, 714 
P-armnobenzoic acid, 161 
Paracholcra group, 467, 476 
Paracolon bacilli, 423, 429 
Pararosanilinc dyes, 68 
Parasites, 189 
Parasitism, 189 
Paratyphoid bacilli, 423 
and gastro«entcmis, 436 
Paratyphoid fever, 436 
Parotitis, epidemic, 713 
Partial antigens. 213, 234 
Paschen bodies, 693 
Passive immunity, 222, 224, 228 
duration of, 229 
Pasieurelh, 357. 490 
Ptui aviseptica, 490 
Piui. bosiseptlca, 490 
Ptul. leplseptlea, 490 
Pajt. murisfptlea, 490 
Ptui.prtiit, 490 


PasttureUa pseudolubcrcuhsis, 490, 500 
Past, septica, 490 
Past, suiseptica, 490 
Past, tularensts, 490, 499, 501 
Pasteurisation, 138, 186 
Pathogenic bacteria, 189, 191 
Pathogenicity, 201 

test, 129. See also Animal inoculation 
Patulm, 157 
Paul's test, 697 
Paul'Bunnell test, 253, 716 
Pediculus corporis, 629 
Pellicle, formation of, 125 
Pcniodin, 157 
Penicillic acid, 157 
Penicillin, ISS 
Penicillin B, 157 
Penieillinase, 157 
PenictUiur}\, 155, 590 
PemctUium chrysogenum, 155 
PettiCilUum notatum. 34, 155 
m nwduramycosei, 590 
Peptone, 95 

Peptonisaiion. 100, 128, 182 
Pmirtehous flagella, 7 
Peroxidase, 29, 31, 120 
Peroxide, formation of, 120 
Pertussis, 516 
Pertussis bacillus, 510 
Petit’s bacillus, 519 
PetrofTs medium, 548, 550 
Pfciirer’s phenomenon, 284, 473 
Pretfler’s bacillus, 510 
and influenza, 513 
PftifTertlla, 357, 579 
Pf. mallei, 579 
Pf whitmorl, 579, 583 
Pha^, 719. .See also Bacteriophage 
Phagocytes, 259, 294, 297 
Phagoc^ic cells, 294 
in infiammation, 300 
Phagocytic index, 296 
Wiagocytosis, 219, 230, 259, 294 
and antigenic structure, 300 
bacteriophage and, 299 
capsule and, 300 
effect of calcium in, 299 
factors influencing, 296, 299 
fate of ingested bacteria in, 300, 301 
mechanism of, 301 
methods of study of, 295 
phenomenon of. 295 
virulence and, 200, 339 
Phase variation, 270, 348. 434 
Phenol, bactericidal activity of, 144 
effect on flagellar antigen. 348 
Phenol cocflic'cnt. 148 
Chick-Martin method. 149 
Rideat-Wallier method, 148 
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Phlebotomus fever, 714 
Pf^phorescCTf bacteria, 36 
nu ^ content of bacteria, 10 
photodynamic sensitisation, 136 
Photosynthesis. 14, J5 . 38 
Pfaotosynthetic sulphur bacteria, 38 
Phthiocol, 550 
Pfathioic acid, 550 
Phycomycetes, 356 
Phylum, 355 

PhysicaJ agen^, disinfection and, 135 
Pnpiological, complwaty of bacteria, 13 
flexibility of bacteria, 13 
well-being, resistance and, 221 
Physiology, bacterial, 13 
Pigments, bacterial, 34 
nature of, 35 

production of, factors affecting, 35 
variation m, 334 
Plague bacillus, 490 
envelope antigen of, 492, 499 
Plague, bubonic, 493 
pneumonic, 495 
tbcrtnoprecipilifl test in, 497 
Plant kingdom, 358 
Plant nature of bacteria, 1. 358 
Plaques, bacteriophage, 721 
Plasma coagulating factor. 362 
Plate count in water analysis, 16S, 175 
Plate culture. 116 
Plaui-Vincenfs angina, 486 
Pleomorphism, 4, 329 
flcuropMomoma group, 489 
Pneuznobadllus of Friedlandcr, 427 
Pneumococcus, 391 
bile solubility of, 393 
capsular rcactKKi of, 395 
Quellung reaction of, 395 
serological types of, 394 
speofle soluble substance of, 393 
transformation of types of, 349, 394 
typing of, 395 
Pneumococcal types. 394 
Pneumonia, lobar, 399 
route of infection in, 400 
sensitisation «n, 399 
type prevalence of, 399 
Pneumonic plague, 495 
polar granules. 522 . . 

Polar groups, 248, 249, 263, 264 

PoliomyehtiX 686 
poJlalJon of water, 168, l70,J/i 
f>ol:^othe stains, 77 
Polysacchande antigen, 234 
ia pneumococcus. 393 

hydrolysis of, 19 
p%n linkage and 

PcKt-fission movemeol of R varianrs, 

345 


Posi-infertious encephalitis, 692 
Post-mortem exanuoatiiKt of anlmaU, 
132 

Post-vacciaal encephalitis, 692, 699 
Postulates, Koch’s, 192 
Potential, oxidation-reduction, 27, 31 
Pour plate method, 116 
P/ausnitg-Kusteer readion, 319 
Precipitate, m precipitin reaction, 2K 
fixation of complement by, 244. 265 
PrccipjliD reaction, 260 
optimal proportion of, 261 
relation to agglutination, 262, 265, 
266 

relation to complement-fixation, 292 
Precipitin test, uses of, 265 
m syphilis, 648 
ftedpitinogen, 260 
Precipitim, 239, 260 
relation to anaphylaxis, 309 
litralioft of, 261 
Preservation of cultures, 12, 137 
Preservation of vaccines, 145 
Prtisz-Kocard bacillus. 521 . 

Presumptive test in water analysis, 174 
Ihevalence of disease, 199 
Primary atypical pneumonia, 715 
Wmary culture, 113 
Proactinomyces, S84 
i^osfglutmoid rone, 269, 296 
Products of protein decomposiiiOh* *4 
ProDtosil, 159, 160 . . 

ProtargoJ, b^encidal activiv of, I4Z 
Proteases, bacteria}, 24 
Proteins, at antigens, 231 
heavy, 675 
hydrolysis of, 21, 24 
Protein decomposluon. aerobic, a 
anaerobic, 21 
natural, 20 

Protein content cf Bacteria, 

Protein raetabolum, 20 
ftofein therapy, rton-speaBc, 2W 
Proteolytic bacteria m rouic, loi 
Proteolytic enzymes, 24 
357. 479 

fr. morgfffl/, 466, 481 
Plr. Tulgarls, 479 
and typhus fever, 480 
X strains, 480 
Protista, 358 

Protozoa, 359 , 

ftosone pbcncKBfnoo. 269, 290 

Pseudoagglutinaiion. 277 

Pseu^nar, 153. 357, 479, 481 

J's, oMogena, 182 

pj.jfuorejcens, 
pa. pyoeyanaa, 153, 481 
pseudorabics. 682 
Pseudotuberculosis, 49v, 
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Psjtlacosis, 710 
virus of, 710 

Ptomamc poisoning, 217, 455 
Puerperal sepsis, 206, 379, 386 
Pure culiute, 84 
isolation of, IIS 
single cell method, 115, 119 
Purified protein derivative of tuberculin. 

Purple and creen sulphur bacteria, 14,15 

Pus. 367 

Putrefaction, 21 

Putrescine, 455 

Pyaemia, 206 

I^ocyanase, 1S4, 482 

Pyocyanin, 34, 154, 482 

I^genic bacteria, 367 

Pyruvic acid, 16, 20 


0 ferer, 660, 665 
Quarts lenses, 57 
Quellung reaction, 394 


Ph factor, 281 

R variants, characteristics of, 344-347 
R-S vanatton, 345 
Rabbit, 132 

fiormal temperature of, 132 
Rabbit ayphiJtj, 628, 638 
Rabies, 682 
vims of, 682 
Racei, 354 

Racial inunuQity, 223 
Racial resistance. 219 
Ramon flocculation, 257, 530 
Ramsden ring, 49 
Rat leprosy, 545, 578 
Rat-bite fever, 477, 591 
Rat fleas and plague, 494 
Rats, bubonic plague and, 493 
Ray fungus, 585 
Reagin, allergic, 305 
Reagin, syphilitic, 645 
Receptors, cel), 245 
orders of, 246 
Red inilV. 182 
Reducing systems, 123 
Reduction, anaerobic, 23 
of carbon dioxide to carbon, 15 
Relapsing fever, 628, 630 
Rennet curd, 128. 180 
Reservoir hosts, 196 
Resistance. 217 
alcoholisiti and. 221 
climate and, 220 
fatigue and, 221 
general factors of, 219 


Resistance, individual, 219, 224 
inherited, 217 
maturatios and, 219 
mechanism of. 230 
natural immunity and, 223 
nutrition and, 221 
occupation and, 221 
physiological well-being and, 221 
racial, 219 
season and. 220 
sex and. 220 
skin and, 217 
species and, 219 
to disease, 217 
Resolution, limits of, 52 
Respiration, bactctial. 26 
aerobic, 29 
anaerobic, 28, 30 
Respiratory enzyme, 29 
Reticubf cells. 295 . 

Reticulo-endothcival systetn, 219, 239, 
295 

Rheumatic fever, allergy and, 328, 381 
bacteriology of. 381 
Rhinoseleroma bacillus, 428 
Khizcbium, mttogen fixation by. 3i 
Rfiadoeoeeus agitis, 6 
Riboflavine, 1/ . 

Ribonucleate. Gram stain and, W 
Rictn, 229. 253 
XscUitsia. 357, 359, 479. 655 
R.burnett, 6SS, 665 
R. eoncrl. 664 
R. melophagi, 657 
R iTKK^strl, 658, 663 
R nipponka, 658, 665 
R cfletrlalit, 658 
R prowoztki, 658, 663 
R aumronu, 658 
R ri^ettst, 658, 664 
R. mminanUum. 659 
Rickfttsia, classification of, t>55, oov 
cultivation of, 657 
iminumty against, 657 
mon^ology of, 656 
sramuig of, 80, 656 
trachoma and, 659 , 715 
vaccines of. 663 
Rideal-Walker test. 148 
phenol coefficient m, i4S 
Rieckenberg phenomenon, 627, oil, 
654 

Rift Valley fever, 712 
Rinderpest or cattle plague, I9I, 223 
Ring test for prccipitms. 261 
Rocky Mountain spotted fever, 6S9, 
660. 664 
Romer test, 538 
Rough colonics, 344 
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Phlebotomus fever, 714 
Pbosphonesccat bacteria. 36 
Phosphorus content of bacteria. JO 
Photodynamic sensittsaiton, 136 
Photosynthesis, u, 15, 38 

Phlbioic acid, 550 
Phycomycctes, 336 
Phylum, 355 

Physical agents, disinfection and, J35 
Pbpiological, cajmplexity of bacteria, ! 3 
fEexibility of bacteria, 13 
wcu-bcing, resisttince and, 221 
Physiology, bacterial. 13 
Fluents, bacterial, 34 
nature of, 3S 

production of, factors afiecting. 35 
wtatjoa in, 334 
Plague bacillus, 490 
envelope antigen of, 492, 499 
Plague, bubonic, 493 
pneumonic, 495 
thermoprecipitin test in. 497 
Plant kingdom. 358 
Plant nature ofbacteria, t, 358 
Plaques, bjcwriophage, 721 
Plasma coagulating factor, 362 
Plate count in water analysis, 175 
Plate culture, 1J6 
Plaut-Vinceni’s an^na, 486 
Plcomorphwm, 4, 329 
PlevropneuaiOTsis group, 4S9 
Pneutnobacillus of Fnedlander, 427 
Pneumococcus. 391 
bile solubdi^ of, 393 
capsular teactioiv of, 395 
QueHung rcacticm of, 395 
serological types of, 394 
specific soluble substance of, 393 
transfomutjon of types of, 349, 394 
typing of, 395 
Pneumofticcal types 394 
itocumoeja. lobar, 399 
route of infection in, 400 
scnsittsatJon in, 399 
type prevalence of, 399 
Pneumonic plague, 495 
Polar granules, 522 
Polar groups, 24S, 249, 263, 264 
Poliomychbs, 686 
Pollution of water, loa, 170, 171 
polychrome stains, 77 
Polysaccharide antigen, 234 
5n pneumococcus, 393 
haptens, 234 


Post-infectious eaccphalitij. 692 
Post-mortem examioatioo of aoiinals. 

Post-vaccinal encephalitis, 691 699 
Postulates, Koch’s, 192 
Potential, ox/daticm-reduction, 27, 3i 
Pour plate method, 116 
Prausnitz-Kustner reaction, 319 
Predpitate, in precipdin reaction, 262 
fixation of complement by, 244, 265 
Precipitin reaction, 260 
optimal proportion of, 26! 
relation to agglutiflaiion, 261 265, 
266 

relation to compiement-fixatton. 292 
Precipitin test, uses of, 265 
in syt^/iis, ^8 
Pitcipiiinogen. 260 
Pjtcipffms, 239, 260 
relation to anaphylaxis, 309 
titration of, 261 

Preservation of cultures, 12, 137 
l^servation of vaccines, 145 
PreiR-Nocard bacillus, 521 . 

Prtsumptive test w water snalytis, 174 
Prevalence of disease, 199 _ 

Primary atypical pneumorwa, 718 
Primary culture, 113 
Proactinomyccs, 584 
Proaggiufinoid zone, 269, 296. 

Products of protein oecofflpositioa, 22 
P^tosii, 159, 160 . , 

JVotargoi, bactericidal activity of, 142 
proteases, bacterial, 24 
PriJteins, as antigens, 231 
heavy. 675 
hydrolysis of, 21, 24 
protein decomposition, aerobic, zi 
^aerobic, 21 
natural, 2Q . 

Protein content cf Bacteria, lu 
Protein tnetabofism, 20 
Protein therapy, non-specific. 24U 
Proteolytic bacteria »n milk, i8i 
Proteolytioeoeymes, 24 
froteut, 357, 479 
/y. inorgani, 466, 4Si 
J*/, vuJgarti, 479 
and typhus fever, 480 
Xetraias, 4SO 
Protista. 358 
pjrotoeoa, 359 

Prowme phenomenon, 269, 4yo 
ft«ido3SgIutination. 277 
PSxmAimnas, J53, 357, 479, 481 
it*, o'anogena, 182 
Ft jiuoresetns, }67, 481, 4»t 
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Spore-fomung aerobes, 594 
Spore-forming anaerobes, 603 
Spores, 6 
ceotral, 8 
formation of, 8 
germination of, 9 
position of, 8, 604 
relative size of, 9, 603 
resistance of, 137 
shape of, 604 
staining of, 76 
Subterminal, 8 
terminal, 8 

Spotted fever. Rocky Mountain, 644 
Spreading factor, 36, 203, 216 
St. Louis encephalitis, 691 
Stab culture, 94, 115 
Siaiiung, 9, 61 
mechanism of, 63 
negative, 66 
section, 72 
Stains, 65 
Romanowsky, 77 
simple, 65 
selective, 66 
special, 72 
supravital, 61 

Stalactite gro«vth of P<ut. pestis, 491 
Standard buffer solutions, 89, 91 
Standardisation, of anuto^ins, 256 
. of disinfectants, 143 
of immune sera, 256 
of media, 91 
of penicillin, 156 

Standards, bacteriological for water, 
177 

Stapkyiccocais, 3, 357, 360 
Staph, albuj, 360, 366 
Staph ascoformans, 364 
Staph, aureui, 360, 361 
Staph, citreus, 360, 366 
Staph, fpidetmis, 366 
Staphylococcus, classification of, 360 
food poisoning by, 363, 364 
pathogenicity of, for animals, 264 
pigment production by, 362 
toxoid of, 365 
vaccines of, 365 
Siaphylolysin, 362 
Starch, hydrolysis of, 19 
Sterilisation, 134 
by boiling, 138 
by chemicals, 135, 140 
by dry heat, 137 
by desiccation, 136 
by filtration, 135, 149 
by physical agents. 135 
by moist heat, 137, 138 
by steam, 138 
influencing factors in, 140 


Sterilisation, intermittent, 139 
of glass ware, 86, 138 
of instruments, 138 
Stomach, bactencidal action of 163 
165, 218 
Strain, 354 
Strangles, 383 

Straus or testicular reaction, 581 
in melioidosis, 533 
Streak plate, 116 
Street virus, 683 
Streptobacilius, 3 
ntomlformis, 591 
Strepiococcus, 3, 357, 367 
Sir. agalactiae, 373, 383 
Str a/thaemolyiicus, 372 
Sir. bails, 370 
Sir equi, 383 
Sir. erysipelaiis, 370 
Str.faecalis, 370, 38S 
in water, 173 
Str. bacmolylicus, 372, 373 
Str. hens, 370, 385 
m milk. 181 
Str. hquffacttns, 3SS 
Sir. langus, 370 
Sir. pneumoniae, 391 
Sir. pyogenes, 369. 373 
in milk. 180, 380 
Sir. saiivenus, 370, 384 
Str. searlelinae, 370 
Str. vmdans, 372, 384 
Streptococcus, o-lype, 371 
anaerobic, 369, 386 
and rheumatic fever, 381 
aahaemolytjc type, 37J, 385 
p-type, 371 

antigenic differentiation of, 372 
bile solubility of, 375 
classification of, 369 
r-type, 371 
Cnffitb’s types, 373 
haemolytic types, 371 
Lancefiefd's groups, 372 
viridans type, 371, 384 
Streptolysms, 375 
Streptolysin O. 375 
Streptolysin S, 375 
Streptomycin, 154, 427 
Streptothriaa, 154 
Streptothnx, 584. See Actinomyces 
Sireplothrfx muris raltl, 591 
Stnppings, bacteria in, ]78 
Sul^Uurc, 113 
Sugan, 99 
Sugar media, 99 
Sujpestifer bacillus. 423 
Sulphadiarine, 159, 160 
Sulpbaguanidme, 159, 160 
Sulphanilamide, 159, '160 
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Rough variants, 271, 344 , 347 
motile fonns of, 271 , 346 


5 eoloniVs, 344 
S.S.S. 234. 393 
S.T,D. 377, 378 
S-R vanation, 27i, 344, 435 

in cell djvfsion during, 345 

6 and R vanants, characteristics of. 347 
Mhva, action on bacteria, 164 

structure of, 433 aiwpc 01 pactcna. 1 , ^ 
4ifrerenlialion of, 432 SheJIfch, lyphm4 ftver and, 4»l 
S S Shiga.KAise b3C.llus, 457 

“«'''■ anaphylactic, XU 
®’*°P typhus, 653 

l!.5' aaion of, 141 Side chain thcoiy, 245 

sand and paper pulp filters, 149, 153 Silver salts, effect on bacteria, 141 

Sfhnrsflu M*. » ■ . ..... 


Serum sickness, detection of, 3^5 435 
multiple antigens in, 324 
sensitisation m, 323 
symptoms of, 324 
remedies for, 326 
Seveti.day fever, 655 
Sewage, bacteriology of, 17l 
pathogenic bactena in, 171 
pollution of water, 170, 171 
Sex, resistance and, 220 
Shake culture. 94, 117 
^pe of bacteria, 1 , 2 


Sandfly fever, 7I4 
Sao paulo fever, 664 
Saprophytes, 189 
Saprospira. 357, 62? 

Sarcina, 3, 332, 360, 363 
S. alba, 352 
S. lutea, 168 
S. ventncuh, 368 
Satellitism, 512 
Scarletinal toxin, 376 
Scarlet fever, 328, 376. 379 
Schick rest, 539 
Schmitz bacillus, 423, 459 
Schuitz-Charlton phenomenoa, 378 
SchulU>Da]e experiment. 306, 3)4 
Schy 2 oniyeetcs, 356, 357, 359 
Sclavo’s autiantbrax serum, 600 
Saotal reaction with rickettsia, 663 
Scrub typhus, 665 
Sea, bacteria in. 168 
Season, resUtaace and, 220 
Secondary cultures, 722 
Secondary infection, bacteria in, 207 
Sedimentation test of miUc, 185 
Seed lymph, 697 
Seitz filter, 149, 152 
Selective media, 87, 118 
Selective localisation, 204 
Self-purification of water, 172 
Sensitisation, photodynamic, 136 
SeptKa«ni3. 206 
Serological reactions. 245 
Serum, for media, 101 
inactivation of, 284 
Serum globulin, antibodies and, 24i 
methods of predpiiating. 242 
Scrum media, lOt 


Site of election, 204 
Size of bactena, 4 
Slides, cleaning of. 59 
Skin, resistance and, 217 
Smallpox, 693 
virus of, 693 
Smooth colonics. 344 
Snake venom, 212. 229. 253 
Snapping mode of division, 532 
Soap, bactericidal activity of. 141 
Soft sore er chancroid, 510, S19 
Soil, survival of bactena to, 170 
Soil bacteria. 169 
m water, J 6 S, 169 _ 

Soluble toxins. See EcotoxinJ, 209 
Somatic antigen. 237, 269 
rough. 271 
smooth, 237 
Sonne’s baallus, 459 
Spahlingcr's v^iccine, 569 
Species. 352, 353 
Species, bactenal specificity, ^2 
Specific infectious disease, 19- 
Spscific soluble substance. 234, m 
Sprcifiaty, and biological species, zr- 
immunological, 233 
chemical basis of, 232 
speacs, 232 
Spherical aberration, 45 
Spirilla. 477. 625 

2. 357, 467. 477 
Sp- cMlerac, 467 
Jtf. mlnuj, 477 
Spjfochaeta. 357 627, 633 
Spirocftactaoeae, 356, 357 
Spirodiactales, 355, 357, 359 
Spirochaetc. 2. 625 


sporadic disease. 199 


Scrum sickness, 323 
desensitisation m. 325 
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Spore-forming aerobes, 594 
Spore-forming anaerobes, 603 
Spores, 6 
central, 8 
formation of, 8 
germination of, 9 
position of, 8, 604 
relative size of, 9, 603 
resistance of, 137 
shape of, 604 
staining of. 76 
Subterminal, 8 
terminal, 8 

Spotted fever, Rocky Mountain, 644 
Spreading factor, 36, 203, 216 
St. Louis encephalitis, 691 
Stab culture, 94. 115 
Staining, 9, 61 
mechanism of, 63 
negative. 66 
section, 72 
Slams, 65 
Romanowsky, 77 
simple, 65 
selective, 66 
special, 72 
supravital. 61 

Stalactite growth of Past, pesitt, 491 
Standard bulTer solutions, 89, 91 
Standardisation, of antitoxins, 256 
, of disinfectants, 148 
of immune sera, 256 
of media, 91 
of peniallin, 156 

Standards, bacteriological for water, 
177 

Siophy/ccocau, 3, 357, 360 
Slajih albus, 360, 366 
Staph aseofonnans, 364 
Slapk. aureus, 360, 361 
Staph. c//re«5, 360, 366 
Staph epidermis, 366 
Staphylococcus, classification of, 360 
food poisoning by, 363, 364 
pathogenicity of, for animals, 264 
pigment production by, 362 
toxoid of, 365 
vaccines of, 365 
Slaphylolysin, 362 
Starch, hydrolysis of, 19 
Sienhsatton. 134 
by boiling, 138 
by chemicals, 135, 140 
by dry heat, 137 
by desiccation. 136 
by filtration, 135, 149 
by physical agents. 135 
by moist beat. 137,138 
by steam, 138 

mfluenemg factors in, 140 


Sterilisation, intemiittent, 139 
of glass ware, 86, 138 
of instruments, 138 
Stomach, bactericidal action of 163 
165, 218 ’ 

Strain, 354 
Strangles, 383 

Straus or testicular reaction, 581 
in melioidosis, 583 
Streak plate, 116 
Street virus, 683 
Sireptobacillus, 3 
MOttthformts, 591 
Streptococcus, 3, 357, 367 
Str. agalactioe, 373, 383 
Str anhaemalytteus, 372 
Str. bo\is, 370 
Str. eqm, 383 
Sir erysipelatis, 370 
Str. faecalts, 370, 385 
m water, 173 
Str. haemolytieus, 372, 373 
Str. lactis, 370, 385 
m sulk, 181 
Slr.lique/adens, 385 
Str. longus, 370 
Sir. pneumoniae, 391 
Sir. pyogenes, 369. 373 
in milk, 180, 380 
Sir. sahtakus, 370. 384 
Sir.searlellnoe, 370 
Sir. vtridans, 372, 3S4 
Streptococcus, «-type, 371 
anaerobic, 369. 386 
and rheumatic fever, 381 
anbaemolytic type, 371, 385 
/5-iype, 371 

antigenic differentiation of, 372 
bile solubility of, 375 
classification of, 369 
ytype, 371 
Gnffith’s types, 373 
haemolytic types, 371 
Lanixficld's groups, 372 
vindans type, 371, 384 
Streptolysins, 375 
Streptolysm O, 375 
Streptolysin S. 375 
Streptomyan. 154, 427 
Streptothndn, 154 
Streptothrix, 584. See Actinomyces 
StreptothHx muris ratll, 591 
Stnppings, bacteria in, 173 
Sul^llurc, 113 
Sugars, 99 
Sugar media, 99 
Siupestifer bacillus, 423 
Sidphadianne, 159. IfO 
Sulphaguanidine, 159, 160 
Sulphanilamide. 159, 160 
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Sulphapyridine, 159, igo 
Sulphathiazole, 159, 160 
Sulphonamidcs, 159 
bacteriostatic level in blood 159 
wlture, in presence of, 162 
Sulphur bacteria, 15, 38, 172 
photosynthetic, 15, 38 
Sulphur granules, 586 
Sulphur content of bacteria, 10 
Summer diarrhoea, 465. 48! 

Sunlight, 135, 172 
Suppuration, 367 
Surface plate method, 116 
Surface tension, ag^utination and, 267 
effect of, in phagocytovs. 302, 303 
Susceptibility, 222 
Swaraj) fever, 655 
Swarraing of Proteus. 479 
Swine, brucellosis of, 505 
erysipelas, 593 
influenza, 514 
Symbiosis, 33, 190 
Symbiotic nitrogen fetation, 37. 190 
Symbiotic nitrogen flxing bacteria, 37 
Syoera'sm, 191 
and disease, 191, 706 
Synthetic antigens. 233 
Syphilis, 638 
congenital 639, 640, 542 
effect of pregnancy on, 639 
tmrauiury in. 635 
latent. 637. 642 
pyrothenjpy in, 635, 649 
serologies! tests in, 643 


T.A.B. Vaccine, 240, 241, 452 
Tabardillo, 660 
Taxonomy, 35i, 3S$ 

Tear, action on bacteria, 166 
TctaooJysiiJ, 607 
Tetanospasrnin. 607 
Tetanus, 608 

active tmtnuniJatioD against, o!3 
idiopathic, 609 
toxin, action oF, 6J0 
toxin, how absorbed, 609 
virulence test in, 611 
Tetanus bacillus, 605 
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